= 


44." 


on: OF CIVIL ENGINEERS 


1852 
a 


Kans.; __ REPORTS, PAPERS, DISCUSSIONS, AND ‘MEMOIRS 


is not responsible for any statement or expressed 


Papers: 


Without Lateral Support. owe 
T= By S. TrmosHENKo, Esq 
riscopal 


Me of Railroad Grades for Classi ification, Ge 


Final Report on Specifications for Design and Construction 


By _MEssRs. N. GARVER and HAROLD ‘D. Hussey 
By Masons. B. Ganvan and D. Hosser....... 


me The River and Harbor Problems of the Lower Mississippi River : A Siesiiniitihe. 


Ge By Messrs. HuBERT ENGELS, EDWARD BuRR, CHARLES E. L. B. Davis and 


‘Tentative Specifications for Steel ‘Highway Bridge ‘Superstructure 
ssion, of as: a ~Progress Report by t the Special Committee on Specifications for Bridge 
sed 0 a 
By Messrs. CHARLES EvAN FowLer, James B. FRENCH, R. Macintyre 


SASPER O. DRaFFIN, and HENRY W. TROELSCH 
Th Periodic Fluctuations of Rainfall in Hawaii. 
By L. STANDISH HALL, Assoc. M. Am. Soc. C. E.. 


Comparative Tests on Experimental Draft-Tubes, frets 


ADELDERT FRANKLIN Am. “Soc. c E.. 

HERMAN REINEKING, | M. _AM. Soc, 

in EDWARD STROTHMAN, M. Am. Soc. C. E.. “id 
IsAAc WINSTON, M. AM. Soc. 


date of 

for fire 

201 
| is sur- 

C., and 

in Mt. 
Mt - 
311 

7il Engi- 

hnd CLARENCE 

LLIAM HENRY BALDWIN, M. Am. Soc. C. E.... 

Frirz Cart ANDERS GEORG BERGENGREN, Assoc. M. AM. 382 i] 

___Grorce Wuirney Kinng, Assoc. M. AM. Soc. C. 

yen. 


¥iD 


7 


to > all Papers, discussion of which is current in Proceedings, 


the second page of the cover, 


=, 


= 

— 
4 


iw Bets 


By ‘8. TIMOSHENKO,* Esq. 


“buckling of a strut, , when by a foree exceeding a a limit sin 


Various approximate formulas are used in designing beams without | lateral 


“support. iu Such formulas are re easily derived by considering the stability. of the 


“upper * compressed flange of the beam and applying the column formula. _ Nits 


A more accurate method of solution of this s problem, however, is 3 developed 
in this paper. _ The . sidewise buckling of T-beams under different loadings and 


‘different kinds of end fastenings is considered. In several cases, the critical 
values of maximum stresses are calculated and the results } tabulated. — 7 By the 


io. 


use of these tables , the necessary reduction in working stresses can be easily 


ceedings 


ng 
beyond the limit is shown. igit td 


The calculations show that the actual safety of I- -beams without 


more is less than that indicated by the approximate formulas now in use, 

and that the ultimate strength of such beams depends not only on the ratio of y 
length of beam to width of flange, as follows | from approximate —_., 


- but also on the ratio of. span to height of beam and on the position of loads. 7 
‘The beam > obviously i is less stable when the lo load acts on the upper flange than 
when it acts on the lower fis 2 

[yrropuction 

It is well known that, in thd absence of lateral supports, Zz beams, bent i 


F the plane of the web, eb, may prove to be insufficiently stable. If the loads ea 


= 


‘increased beyond. certain limits, such beams buckle tididwise pore becoming 
unable to ‘support further loading, cause the structure to collapse. 

7 a In designing beams without lateral ‘support, practical engineers use various q 


approximate formulas + derived i in a ‘simple manner, by considering the stability “ 


£ Nore oTE.—Written discussion on this paper, which will not be presented at any meeting one 

ot the Society, will be closed with the August, 1924, Proceedings. When finally closed, the | 
Paper, with discussicn, will be published in Transactions. wer 

* Research Dept., Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. bcd on 

Rs + An example of the destruction of girders in consequence of sidewise buckling is given 
y the bridge disaster near Tarbes, France, on July 17, 1897, La Revue sicaamieine -‘Novem- 
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BEAMS WITHOUT LATERAL SUPPORT 


the e upper compressed flange | of the beam. a result, the safe 
3 obtained depends only on the ratio of the length of the span to the breadth o 
the flange of the beam. A more exact solution® | shows that’ the the stability varies 
with ratio | of the span to the height o of the beam, and with the ‘Posi- 
_ tion ¢ or the low elevatic of the point 
of application of a load is always connected. with the decrease of stability of 


7 


In this paper, that “magnitude of the load for which ‘the plane f form of 
bending of the L-beam becomes unstable and sidewise buckling begins, is 


called the critical corresponding maximum stress is cealled 


get l= = the length | of m : 
moment of inertia of beam about a gravity axis 


about a gravity axis in the 


the flexural rigidity o: of pears in bending i in the plane of the 


I, = the rigidity « of | in the direction perpendicular 
torsional rigidity by twisting o of I-beam. (See page 241.) 


or = ritical stress for load on ‘upper flange. | 


or = stress for load on lower flange. of) ito it 


The following denotations are alsoused: 


= - 
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abaut edt date yout dow oft to ‘apni, 
Elements of I-Beam Sections—lIn all cases to be considered, the critical 
can be represented b by the equation (see = 9) bogey aL 


in which, K is a numerical factor ‘depending « on the magnitude of the quantity, 


Sia ~ “given by Equation (1), on the distribution ‘of load, and on the manner 0 of 


“fastening'the ends of thebeam. 


ss * “Sur la Stabilité des Systémes Elastiques’’, by S. Timoshenko, Annales des Ponts a 
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In calculating the torsional 1 rigidity, , for the same cross- section, the 


in which, denotes the modulus of rieidity.4 can be ‘This is” 
‘obtained by the | “assumption that the torsional rigidity of T-shaped cross- 


section (Fig. 1) is approximately equal to the sum of torsional rigidities of two. 


narrow rectangles, 6 X 3b, and a narrow rectangle, 6, The torsional 

rigidity of a narrow rectangle, 6 X b, can be taken as equal to ——— 


com mplicated crose- Cc will be calculated bby the the 1 use of the 


in which, A hcteanine the area of of t] the cross-section and I, the _— moment of 


a ‘Consider, first, a beam simply supported at the ends, having a load ‘uniformly _ 


distributed along the axis. In this paper, the phrase “simply supported”, means ah 


¢ Fig, 4), but are restrained from rotating about the z-axis of the beam. _ 
ry small and the term, is neglected. ted, 


= 


tin the is taken equal to 


bs the ends of the beam can rotate freely about the y-axis and saxis ae >, 


as 
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BEAMS WITHOUT LATERAL SUPPORT 


nd sidewise buckling oceurs. “The buckled form of 


the beam is as shown i in ‘Fig. 4 and the the lateral deflection of the central - line 


“ar It will be noted that, owing to the type of end fastening, sidewise buck- 


io the beam depends not t only on the lateral ‘flexural rigidity, B,, but also ‘on the 
torsional rigidity, C, as shown by Equation 


z 1 An The ae value of the load may be determined if the magnitude of the coef- 


ficient, K, in Equation (3) is known. This coefficient can be calculated by the 


use of the general method, explained i in Appendix | results of these caleu- 
=m lations | are shown i in Table . 3 The values of the coéfiicient, K, are given as a] 


of the. quantity, determined by Equation (1). If the dimensions of 


a the I-beam are known, the values of C and B, ean be calculated, as explained 


previously. é. Then, @ will be found from Equation (1) and the corresponding 
value of J K, ‘obtained from Table 1. Substituting the value of K in Equation 


@), the ‘critical load, Qor, is obtained. d 


s, UN1rorM Loap, In TERMS OF cue Constant, , 


= 0.0001 30 000 000 La. PER 
Pe 


- 


16 | 2 
6| 31.5] 30.5] 30.1] 29. 28.8 


8 

2. 

3 

800/16 800/19 400/21 600 

15 800 55 100 
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The critical value of stress will be p in which, denotes the 


1 
3 
9 
8 


dulus of the cross-section. = = | 


Taking ite account that S = 
t. 
Line. 83 of Table 1 gives the Equation on 


the assumption that = 0.0001 and = 30000000 Ib. per sq. in. 


oa Table 1, the critical stresses for a beam v with any other magnitudes of Ba and J, 
can easily be obtained. ‘As seen from Equation (6), it is necessary only | to 
multiply the corresponding number in Table 1 by 10* 6 — _ The use of this 


| method will now be shown by numerical examples. 


Consider a a beam. of the following dimensions: 


2 _ of the beam is a accompanied by twist. This explains why the stability of f 
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xplained 
sponding 
Equation 


80 this 


ie 


* 


fweb = 6, = 0.5in. 
“1. 0. 87 in. 

Area of section 


pe Principal rigidity 2 ost Ib. na sq. 


346G. 


ik rt 
and from (3): 


087 
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Pg = 11 300 + - = (13 300) 1. 24 = (12 700 lb. per in. 


‘o ‘This i s is the critical stress for B = 0. 0001. The critical stress in ‘the example 


sponding» ‘to this: ‘stress must be the. 
From this result it noted that sidewise 


stresses far less than the ultimate st stress of the material under direct com- 
pression and even less than the elastic limit. ‘This fact must be eueiiasd 
and the working stress. accordingly. Assuming, instance, a factor 


of ‘safety of 3, the working will be be equal to 


th calculating torsional rigidity, Equation (4) give 


11 (13 600 — 11 300) 1 80 = =13 lb. per 


Therefore, the critical s stress in this case will] be: 13 400 x B X 10* = 27 400 > 


per. sq. in. whieh i is about BAY % greater than the result obtained previously. It ‘a 
will be noted that a considerable error ir in the magnitude. of C has comparatively oat 
small influence on the. critical stress. _ Therefore, approximate Equations 7 
(5a), and (5b), can be used with sufficient accuracy in. the calculations, eee 


The ‘magnitude of the ‘critical stresses. now be ‘determined by apply- 


ing the approximate method of calculation, the upper compressed flange 


the beam being considered | as a column. - “On account: of f the fact that the 


“compressive force in the flange is proportional to the bending: ‘moment and 


Mig st the ‘parabolic law; the reduced length, L= = = 0. 694 x he instead of the Ne 
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notes the 8 
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distributed along the lo wer flange of the ‘beam. 


‘BEAMS WITHOUT LA (Papers 


L = 0.694 20 * 12 = = 167 in. radiy 


section is = 2. 02 i in. 


mild steel columns with pin ends, the stright line la gives: 


— 52 500 — = 384 300 Ib. 


value 32% than that by the use of the more 


Asa second a riv consisting of a web 


- 


of section = A = 26 xX +4X 4 = 95.75 ‘sq. in. 


rincipal rigidity = B,=4 [10 + 4 (1.66 0. = E. 


From Equation (4), ihe torsional 


we 


0.967 X 10-4. 


ine 3 of 1, by dntexpolation + ferravrol row od 


(15.600 — 13 600) 91 = 14.5001b. per sq. in. 


= Per = 14500 X B X 10* = 14.000 Ib. per sq. and) 


7 When a uniform load is distributed along the upper flange of the beam, 


the same Equation | (3) for Qer should be used, but, ‘in accordance with 


decrease it in stability, the ‘values of ‘the coefficient, K, become smaller. 


corresponding values of critical stresses, ory for the case in whic ch B = 0.0001, 
Fa 30 000 000 Tb. per. ‘sq. ‘in, are given in Line 4 of Table 1 Line 5 of 


Table furnishes the values of critical stresses, P” cr» When the uniform load 


oO 
oa In order to show more clearly how the critical stresses ‘decrease with an 


crease of the ratios, — and —, consider, as an exal mple, the x-section 


me tnomoc oft ot [gnormeqoig sonal at 


“Applied Mechanics”, Fuller and Johnston, 1919, p. 361. 
Pocket Companion, Carnegie Steel Co. (1920), 
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BEAMS WITHOUT LATE 


A)» in which, = 2and 10. 0. The results of the 
given in Table 2. The variation of p,,. is also represented Fa? by Curves . 


L It, ‘and | 4. The points corresponding to — = constant, are connected by 


dotted lines. It will be noted ‘that, for a constant magnitude. of the ratio, — 


OF 
— CRITICAL STRESS - 


BEAM PROPORTIONS 


For comparison, , the.. values of Der, calculated from the formula, 


=m 00. 22.700 30 300 885 00 

at these stresses are always greater than those given in 


Table 2 2. For wee ee = 3, the corresponding stresses from Table 2. 
are 14 400 168 800, 20 000, and 25 100 ‘Ib. in. tha lifferences: 


wh 


ind 


a Equation. (3) is based on the assumption of perfect elasticity for ie 4 
Mal of the beam ; therefore, the critical stresses obtained 4 from Table 1, = 

Aig. 8, represent the true values of these stresses ‘only in case their m magni-- 


tude is no greater than the elastic limit of the material. Otherwise, the 


. -ettieal stresses obtained i in this manner will be too large. In order to obtain 


CTOSS- [ 
4 
e mor 
= 
“i 
e beam, a 
ce with 
ad 
me 5 of 
rm load 
. 


critical stress elastic apply line formula § 


which is used i in the calculation o of. columns’ (Tetmayer’s or Johnson’s for- 
ch mulas). _ Assuming, for instance, 30 000 Ib. per sq. in. as the elastic limit f for 
structural steel, one finds s that Curves I, ‘Tl, and ITI, ‘a Fig. 3 3 3, ome be used 
only” below the points, N. For higher stresses the straight lines, MN, should 
- used. _ (The ultimate compressive strength of the material is assumed to be § 


51 000 lb. per sq. in.). Curves analogous: to the curves of Fig. 3 can easily be 


constructed from ‘Table 4 for any cross- -section of I-beam and in such a 
stresses will be solved for any value of B 


more ‘detailed consideration the calculation of Po all 


beyond ‘the elastic Ii limit, is given | in Appendix 


an 


op LANGE AND OF p SPAN. va 
= 30000000 Ls. per Se. In 


== alues, in Pounds per Square Inch.) 


T! 
= 684 | 90 8.72 on. 
=| 8.23 96 1.51 
Pa = 77 700 000 20 000 500 p' 
pley = | 200 600 15 000 000 
sp’. = | 116 000 200 26 700 600 a 
0.720 2.00 88 | 8.92 
Bx # 4.34 1.56 | (1.09 | 0.798 ‘391. 
= 41 900 7 600 400 | 10 800 750 
= 900 2 600 840 | 8 120 6 
=| 61 100 4 600 | 18300} 14 300 98) 390 
8.02 4.18 5. 6.80 40 
B =| 2. 0.650 | 0.480) 0.368) 0.290 4 
os =| % 8 250) 6570) 5 370 471 130 
5970| 4970| 4 280 8 74 330 st 
=|, 11000] 8690). 7130 5970 | 
fu 


For calculating critical loads for other methods of end fastening of beams, r, 
= 40-94, iit Giff OF 
‘Equation (3) retains ‘its form. The numerical ‘factor, must be suitably 

changed, however. Numerical results of ‘practical: interest are given sub-  T. 


—Ends Built In. n.—When a beam with built- is buckled sidewise = 
ie the deflection line has the form represented in Fig. 2 (b). . Asa ‘result of ‘such d 
Br 3 end fastening, the stability of the beam increases and the factor, K, in “Eque 4 
| fen (3) also i increases. _N umerical values 0 of this factor are given in Table 3. : 
The values of Pers: caleulated | on the assumption that = 80 000: 000 Ib. per 

in. a =1X , are also given. oth 

procedure is the same as that explained previously. 
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TABLE 3.— Critical Srress, UNurorM Loap, FOR Br: AMS WITH In. 


alues, in Pounds per Square Inch. : 


20 100 | 21 100 800 25 800 | 85 39500 | 4 


is (b) —Beams Laterally Supported at Center of Span—When a beam is later-_ 
a supported at the middle of th the span, it is prevented : from rotating about it ite B.! 
axis (for example, when ty two parallel girders have a lateral connection between ; 

them at, the middle of their span), the deflection by sidewise buckling | will 
have the form shown in Fig. 5 — e _ The corresponding values of the factor, K, 

and the critical ‘Stresses, Pers ery and ‘ors , are given in Table 4. 


TABLE 4— —CRITICAL_ Smeess, Unirorat Loa, FOR, Beams WITH 


‘Support at CENTER OF Span. B = “0.0001 AND 
= 30000 000 Lp. Pr per Ins: 


(Values, in’ Pounds per Square Inch. ) 


43 500 | 47000 | 58 
38 400 + 67 800 
49 200 B00 | 59100 78 600 


| 


‘the laters) dinetiqn 
_ Equation (3) also holds true for a concentrated lo 
——Beam Simply Supported. 
stress, when a critical load,. Ppp at the of the 


ends of the beams are simply supported, will be: Boy, 


he ‘corresponding values of the factor, &, and of th ] stresses, 
ory and are given in ‘Table 5. YAN Th 


TABLE -—CRITICAL Sreesszs, _CoNcENTE TRATED _Loaps, IN _ TERMS 


iN AG 


Constant, a, FOR = 0.0001 = 30000000 Ls. PER In. 


alues, in Pounds per Square Inch. 


rf 
a 
per = 19 
— 
alue of 
J 
ATIVE 
4 
2 
0.741 81 000 96 600 = 
12.500 95900 | 915000 
10000 86 600 | 1080000 
e 
= 
« 
sidewlse, 
t of suc 
Table 4 & 16 | 20 |} 24 60 | 80 100 
= | 86.4 | 81.9 | 25.6 | 21.8 | 20.8 | 19.6 | 19.0 | 18.8 | 18.1 | 17.9 | 17.5 | 17.4] .17.2|17.2 — 
0 Ib. pet Per = 200}12 000/18 700/16 400|18 800/20 700/24 300/27 500/80 800/82 900/41 600|50 400/57 900/64 5000 
Per = |. 6 080|.7 580) 9 000] 11 600|13 800) 15 800)19 200)22 400/25 100/27 600/36 800|45 000/52 500/59 100 
dB, the = [17 $00}80 900/83 800/35 100 600186 400168’ 100/68 
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ls comparison | of the values of Der, g given it in Tables 1 “ahd 8; shows that the 
between them is nearly constant and equal to 1.2. 
—Beam with Built-In Ends—For a beam with built-in. ends, Fig. 


Pie «5: . The values of the factor, K, and of ‘the critical 


6 Coxe centraten Loan, FOR Enns 
Ix. = 0.0001 axv = 30000000 Lp. Se Ix, 


= | 28| 88.8 | 65.5| 50.2] 48.6] 40. 87.8 | 36.3 | 34.1] 80.7) 29.4) 84 
Por = | 15 900 | 16 600 22 500 | 28 500 \25 600/32 500\89 700 


—Beam with Lateral at Center of Span —The values ‘a the 

factor, K, and of the critical stresses, Pers for. a beam having lateral ‘support at 


the middle of the span, (Fig. 2 (c)), are given in Table tgs 
TABLE Srress, ConcentR ATED D Loap, FOR BEAMS" WITH Larerat 

= 30 000 000 Lp. PER Sq In, 


(Vv alues, i in Pounds p per er Square Inch. —| 


by use > of Tables 1 1 to 7 i, approximate calculations ¢ 
y be made for the more complex ¢ eases. For yr example, in cine the 


critical stress for several concentrated loads acting at the middle third of the 


pan, Tables ¢ 5 to 7 may y be used. If concentrated loads are distributed through 


out the spa span, Tables 1 to 4, would be used. After the ‘critical stress has 
suitable reduction’ for working stress must be made. 


. 


=. 1800.0 nd 


strip. 
AB, Fig, ai cal 
ig. 4 (a), of a narrow, rectangular « cross- -section is bent by a vertic 


 qemccitraied force, P, acting in the vertical plane of ‘symmetry through # Ad 


th 
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i for 
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an 
en 
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ae 


same ‘vertical and this form of bending w 
that is, if an occasional force should produce a sidewise deflection, lt onl 
a] § tion wo would disappear with the removal of the lateral force ¢ and the strip would — 


Oe 


ot | Nae te 46). Nae, 


| 


Jimiting: v value of the teed 3 is called the its calculation, the 


j ate method founded on the consideration of the potential energy of the ‘system will : 
be applied. Any lateral” deflection of the strip will be accompanied by an 


increase of the potential energy of deformation. To the potential energy 


bending in the plane of the strip* must be added the potential energy 
a ; bending in the lateral direction and the potential energy of twisting, both of 
stresses Which are functions of the lateral ¢ deflection. At the same time, the force, 
ting the J F, performs some additional work, as as the sidewise buckling i is 3 accompanied b - 
d of the an increase of deflection in _ the direction of the force. Tet T denote this 
through: additional work of the foree, P, and V, and v respectively, potential 
has been energy due to bending i in the lateral ‘dixéction to twisting. 
a4 T, the lateral deflection is accompanied by an increase of 
- , an potential energy of the system, , that is, the plane form of | bending is a — 
me, If V V A the plane form of bending is is unstable. The 
= value of the force will be found from the equation: = —_ 
is to Px 9, in | which, the fimall variable angle of twist: (Fig, 
oug the the flexural rigidity, is great in comparison with Be, it can. be assumed that 
ential energy of bending in the plane of web remains at d 
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[If is a known funtion of 2, , the lateral de 
obtained from Equation ~The corresponding for potential 


energy of twisting can be determined by the equation: 
“aii ‘sow, the deflection of the load, P, corresponding to the sidewise 
kling of the strip. _ First, take two ‘symmetrically situated 1 elements, § x, of 


the : strip in Fig. 4 (b) and consider the bending i in the plane, ry, of these two 
angles corresponding: ‘to this “bending axe ' equal to* 


ed to 


is: 


The work, of the force, P, will be: ho alg 


git” 


+ wy . 


ate 


oo. Substituting i in ‘Equation (12) for oa suitably chosen function of x, _ satis: 
ying 


end the approximate value the critical load can be 


is obtained from Equation pan ini 


ees 


- *If the angle, 4, is assumed to be small, the curvature in the plane, © y, can be taken equal to 


curvature in the plane, x y1. 


— t 
@ 
t 
— 4 
oD = 4 7 the force, P, equal to 4 
— 
buckled strip the additional detection in the direction 
j 
4 
— 
4 
| 


The general for the angle, ¢, in the case of symmetry,* can be 
can be taken in the form of the following series : 
‘Using the two first only” of Equation. (14). and ohposing, the 
= * 7 coefficients, a, and a,, in such a manner as to make Equation (12) a minimum, 
the second approximation for. the: critical load is obtained. With three mem- 
bers, the third approximation is obtained, ete. "Calculations showed that the 
error of the first, approximation is about 14 per ‘cent. second approxima- 
four correct. figures for Pers and the of further approxi- 
$2, of mations is practically | unnecessary. ko. tintil pe - 
ese tw eas instead of a strip, an I-beam is to | be considered, the same ‘method of sO 
my “tof aut Pee can be used; it is necessary on only to take account of the poten- E 
ER tial ex energy due to the bending of the flanges. — ‘The flexural rigidity of a flange 
y ho The deflection of the extended flange is h @. “Therefore, 
a the potential e energy 0 of bending, due to the sidewise buckling, can be ote Bs 


> 


to calculate Per for an I- -beam. ‘The expression for Po, retains its previous” 


form: 


b 


“5 ae vm values of x. obtained by retaining the two first 1 members of Equation 
(4), are given in Table 5. The same method was also in the caleula- 


ERIVATION FOR ConpiTions Beyonp THE Eastio Lane 


7 ee of a critical load beyond the elastic limit is possible if the : 


relation between the ‘strain, corresponding stress, p, for unelastic 


deformations is k known. This. relation is no longer a linear one, and the > 


-__* As in the case of the ‘compressed column many different buckled forms of equilibrium 
be obtained in the case considered, Sent one only, which is symmetrical, 
Fig. 4 


a 
~ 
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of elasticity, E,, eyond the elastic limit, will be It may be 


Modulus of elasticity ond the. elastic limit 


in which de is the increase of! strain corresponding to in 


yom strain-stress of material beyond the elastic limit (strain 
being the horizontal co- -ordinate), the quantity, E,, for any value of p, will be 


equal to the slope of the curve at the point, Dp. Jest 
‘Consider the case of structural steel for which 008 000 Ib. “per 


“modulus, EB, beyond the elastic limit can be ‘Wy ‘the equation: 


py 


ae is, £, decreases according to a parabolic law. Some values of the ratio, 


-, calculated from dag ays e 7), are given in the second line of Table 8. 


TABLE E 8.—Revarion OF TO Stress. 


in pouhds per square inch = 000 re 52 500 


Bip 


al 


a consideration of the bending of beams compressed beyond their 


_ elastic limits, it is known that the flexural rigidity decreases with an increase 
— compressive stress and that, in the case of a rectangular cross- -section, this 


in which, I is the moment a inertia of the cross-section about the neutral 


ig 


Some values of the ratio, caleulatea fom Equation (9), are. giv in 


In order to. simplify ‘the problem of the of critical load, the 


—That the be nding of beams the elastic limit does not diminish 
(2) -—That, in calculating the diminished value of flexural rigidity, - By 7 


ah the compressive and tensile stresses in the flanges are are constant slong. the = 


i 
be 
on 
— ar 
Ly 
gT 
8 

— 
a re 

: 
‘th 

— 
- 
im 


stress 


(strain 
will be 


5 


e ratio, 


d their 


nerease 
mn, on, this. 
(18) 


neutra 


ven 


of the beam and equal to ending 


diminution of B, will also be constant along the span of the beam. — Tf, for 


instance, the maximum bending stress ‘is equal to 37 500 Ib. per ‘sq. in, — 


rigidity in the lateral direction (T ‘able 8) will be diminished wad the whole _ 


latter assumption is. more than, ‘the conditions, 


for this reason, the decrease of B, be constant along the 
entire span n of the beam. It will now be. shown 


how, on the assumptions — 


and for an <-beam of a known the ratio, corresponding 
i 


given ‘of critical bey syond the elastic limit, be-obtained, 


As an consider Cross section for which — = 3 


The relation between critical stress and the ratio, —, within the elastic limit is 


represented by Curve I in Fig. 3; the corresponding numerical values of ete 7 
Aik, 


stresses are given in Table 2. wing 
Suppose, now, | the critical stress lies bey ond the elastic. limit, as as, for 
stance, that = 37 500 lb. per sq. in. this stress” there corresponds. on 


Curve I in Fig. 3, the ‘and from that diagram, It is known, 

es exaggerated values of De ‘bay. ond the elastic limit. 


of p.,. will be less, that is value of the ratio, — 


than that found previously and will _— to the stress, 37 500 Ib. per sq. in. 

‘This true value of —- can be found by s successive approxi imations: | Le, 


Assume, for instance, that this true is 

from Table 2, a = 1. 2, 6 = 4.63 10° 


that the lateral rigidity, B,, decreases bey ome the elastic limit: and that this de 


¢rease for the stress, 387 panel Ib. . per sq. in., is (see Table 8), in the ratio, , 36: 49, od 
‘itis found in this case that: 


22 49 1. 66 


‘these values of and. it is s found from — 1 thats 


4 


. per sq. in., taken previously, that # 
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60 000 
4 
4 

— 
For this value of _ _ 

(19) 
| 
— = 

minish 
ity, By 
is less than the critical stress, 3/7 500 


WITHOUT LATERAL SUPPORT 
is, the correct ratio, - is less than 8. As a second approximation, assume 


rim 


@=l 40 (5 = 3.49 X 10-* 


= = [9.950 + (11 300 — 9 950) x 0. 62] 3.49 = 87 600 Ib. per sq. in. 


a This ‘result approaches the stress, 37 500 Ib. | per sq. in., taken previously and, 


therefore. , the second approximation for the ratio, —, sufficiently « exact. 


‘solution is represented in Fig. 3, by the: point, mo 


— 


AS a second a beam of the same cross- section, the ratio, 


=; corresponding | to ‘Po Lae . = 45000 Ib. per sq. in. , will be found. As a first 


approximation, let - =6" Then, from Tables 2 and 8 


ny 


684 1.54; 6 = 8.23X10*X —=363x104 
1 gives 184 ALOOG TE tedt ani 


nee, the valu taken a as the first approximation for the ratio, —— he ST is too large. 


1 second | approximation, assume that —- = 5.3. 83! ‘Then, in the same manner 


\2 that, im itt OF ve 


‘or these values of a and B, Table 


= 3.65 X 10+ 
Po 47 700 lb. per sq. in. 
This value ‘of ‘is too large therefore, as 


togt sft to Oe G sidel 

sufficiently exact ‘result, try — Fig. 3, this result is 


the point, B. ateail, 1079 i big it 


Jastic ‘a the curve the relation 

otw on and red be constructed. This curve, as appears the 
calculations, lies above the line, MN, of the straight-line formula previously 


"proposed as an n approximate solution, that i is, s, the calculations with this formula 


will always give a higher coefficient of safety than the ‘alternative 
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S. Y “Bort Assoc. M. Am. Soc.0.E. 
Synopsis ne 
Although all dealing with railroad economics 


table (by J. B. Berry, M. Am. Soe. C. E. +) defines with 
- the limit for Class | B and Class C grades. - This table gives figures which apply 
“to the conditions of velocity limits and train resistance assumed in its com- 


putation, but leaves the question unsettled for other case. 
~_? W ith this i in mind, , the writer has endeavored to solve the general problem 


of grade analy sis ‘mathematically, giving results to. fit : any actual condition by. 


simply substituting values in a general formula which should lead ‘to the 
data compiled by Mr. ‘Berry, if his conditions are assumed ; but, in any case, 


by comparison with an assumed standard of classification, the proper rating 


Viel 


may be found to suit local track and operating conditions. ae 
An attempt has been made to avoid the tedious and 


Bhar would make the method virtually useless i in current practice. In addi- 
tion, there have been included complementary problems involving curve 
resistance, momentum “grades, and the use of sand, all of whic which are capable 


i 


basis for grades, “showing “whether 


judgment, and ‘especially ‘bearing in that mountain roads 4 
= of grade are rather frequent . This fact makes the classification much _ 
more haphazard than in the case of continuous: deen uniform Se 


- mergy, taking into’ consideration. the train resistance for various velocities. 


_. NotE.—Written discussion on this paper, which will not be presented at any meeting ag 

of the Society, will be closed with the August, 1924, Proceedings. When finally closed, the = 
Paper, with discussion, will be published in Transactions. 
-_ Office Engr., International Rys. of Central America, Guatemala, Guatemala. __ ray 

+ “Economics of Revision “Work”, Convention, American 
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of f the train 


: oa v is sete: in feet per second in the Baldwin formula, it becomes: * 
relocity in feet per Velocity in feet per second 43 ay | 


— § 


be altered to suit 
= ey 


t 
factual conditions of tack and ‘equipment. in any particular may be 


the train resistance is lb. p 30° miles | per hour 


(equal to — the modified Baldwin formula should be : 
Velocity in feet per second 


For a train running down grade, the ‘of kinetic 


+. > 
ow = gra 


=s acceleration ‘this case 20 Ib. times the percentage of 
= train 1 as previously explained. 


= e of velocity in the distance, ds. . 


,a 1% grade: whi al 


ds =" ds =m 


< 


| 

— = 

— 

3 — 

As, 

— g 

— 

— | 
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trode 
a 


= 


72 ‘Assuming the velocity limits of 30 and 10 miles per hour, as used by Mr. 


to 44.1 and 14.7 ft. per sec. , respectively: 


ae s = 548.6 [— 29.4 — 132.8 X 2.8 (log 8 88.2 — log 117. 6] 


as co wale + 800 ft. in the table compiled by Mr. Berry. el 
X = grade resistance, ‘in pounds per ton (Baldwin parameter) x 8. 82, 
e working formula can be shown, thus: 
at (Both the distance, e, s, and the are in feet and the time is i in seconds.) 


== For. the cases taken by Mr. Berry, the results are as shown i in Table 1 


Sires 


4800 | 3 800 


ic 
Sir, 


Distance, in » feet 


catcnlated, by ur. 7 300 | 5 700 
Fall, in feet..... 102 58. | 648 | 
pi the § Distance. in feet| 17 054 10. 238 7 8% 5 760 | 4 738 | 3 286 | 2 512 
) Fall, in feet..... 102.3 71.6 59.0 bys 40.5 


yelocity limits, train resistance, e, and | grades, v ‘without going 0 the trouble and 


p> 
to a line funetion of the it is well known that this 
is not true for ¢ any wide variation of velocity. Deductions based on this 
‘Straight- line formula will give results” approximately correct only within» the 


4 


wins 


‘Wellington typical form ala? 


= went 
= 
rom 
= 
at 
Ze 
| 
J, 
‘en rie ® endorse the Baldwin formula for this purpose, second-degree functions also 
4 
— 


= 


Wellington short formula: 


alt these formulas. have the sam era m: = Fg al! ~. The follow. 
ing derivation, on the basis of the Wellington short formula, will —s to all. 
see As already explained, for homogeneity of the kinetic | energy zy equation, the 
velocity should be given in feet per second instead of miles per hour. | This 


Welocity in ft. per sec.)? pent "(Velocity i in ft. per sec.)? 


.(8 


equation for the train down a 1% grade 


s = 8 739.1 log 496 
ote 


; 


In 


= 8730.1 X 28 (log 4279.9 — log 2551.2) 


Wai Applying the same Wellington formula to a 0.6% grade: 16 604, 
nee - med with 17 000 ft. from the data compiled by Mr. Berry and 17 054 ft. 


ame: In both cases, the distances obtained by the W ellington csguntton ere lower 


ye 4 than the others, which indicates that the retardation assumed is too small. ieee 
attempting to adjust the discrepancy, the writer increased the parameter, 


7 that is, the friction, , in the Wellington formula from 4 4 to 4.5, with the fol- 


rrad 


lowing results: For a 1% grade: s = 4719 ft., which is still too low; and for 
a 0.6% grade: s = 21 410 ‘ft., which is exceedingly high compared with the 


‘Berry data. ‘This compelled the writer to rely on the Baldwin formula as it 
agreed better with that of Berry, the only available authority. 


runs down grade, the r resistance and ; grade | acceleration. are of 


a opposite signs, whereas running up grade it meets resistance from both # the 
grade and friction, thus shortening the distance traveled within. the e same 


fun 


— atts 
(6) 
m 
= 
(ebm 
Solving, 
— 
! 
ik 
4 


oil 
AILROAD ‘GRADE ANALYSIS 


- Under these conditions, it might happen that a rise of less dink 30 ft. - 
ia which, at first sight, indicates Class A, becomes Class B, requiring steam 
‘manipulation ‘if it follows a descent calling for steam to be ‘shut off. In order 


to ‘define this point of view more clearly, Table 2 for ‘ ‘up grade” has been © 
calculated to ‘correspond. with the “down- grade” statement, 


ion, the ds = 8.59 - — 8.82 62.2 
| 


TABLE 2.—Distances in Wuicu A TRAIN WITH Sream Suut Orr anp Wirn IOUT 


Apptyine Brakes SHOULD DECREASE Its VELOCITY FROM 30 To 10 


per Hour ar Dirrenest Graves. Mio Monow Ur Grave, 


Percentage of gradient. Obes 


Distance, in 
in feet 


the 
which, compared with the data for “down grade” (r able 1) shows the impor- 


tance of consideri ‘ing the variable train resistance. ad? giisubery 
054 ft Letting Y = 8.882 (grade resistance in pounds per ton + 
mes 7 parameter), the working formula for this case becomes: 4 


+ 
pe 


= 548.6 Ce — v%) — Y Napierian log (Y + yy) fee 


vith the an extension to this method, the curve be : 

la as it by two different meth qe “pares to, sill tog tot ares de 

the generally accepted compensating rate, namely, 0.03 to. 0.04. of 

1% grade for every degree of curvature, is assumed, it is merely a matter of ee. 
increasing or decreasing bar grade resistance t altering the 
g the grade 


= —Otherwia 


Schmidt and H. i. may thus: ‘ty 


Curve resistance = r= a x 
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in Lisl Ve speed, in miles per hour; C = - degree os curve; and @ = ‘numer. 
‘Assume for simplicity that a tangent resistance of 10 Ib. is doubled on a 10° 


Again, if the velocity is given in in feet per second: ase: set snot om 


Assuming a 1% down grade and an 8° curve, ‘ee instance, the e differential 


+ 0.184 + 5) | ds = (15 -—_) ds = mvdv 
As] the e solution of thie « expression Napierian logarithms 


e to 


5 


the typical Consolidation engine by Webb for his example, 


| 


ty is required). The available draw-bar pu 
rece ruling grade on the Division is 1% and the train se Satins 10 Ib., the rede 
- — pull i is 30 lb. per ton and the maximum train load i is 706 tons. eo 

j Leta fully Toaded train approach, at 30 miles per hour, a 1. 50% hump that 
a a descent r requiring steam to be shut off. Tt will be necessary to admit 
— gradually, and the draw-bar pull will increase from zero. at the bottom 


to 30 lb. per ton at the time sand is required. As the gradual opening of the 


~ throttle: depends on the locomotive ‘engineer, the result obtained should be 


as a tentative solution only, no matter, how much mathematical 


Although it “seems” probable ‘that the ‘opening would be a lin 
errs ‘of the elapsed time, it is saath easier to make it a function of — 


ta, variable already ‘involved i in the differential equation, namely, the velocity 


q 4 From this standpoint, the allowance of steam should be at the rate > required 
# 4 to counteract the loss of kinetic > energy at any moment, as ‘compared with the 


total loss within the assumed velocity limits, thus: non 
practical purposes, the following equation suffice: 
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RAILROz AD GRADE ANALYSIS. 


P= = maximum available pull per ton; 380.0 okt 


velocity, in feet per second, at the bottom of the 
a. - = velocity, in feet per second, at the — where sand i is ‘required. pts 


er 
v=1,, f =0; that ls, draw- ‘bar pull is required at t the bottom : as. 
‘no kinetic e energy has yet been lost. Wh hen vy = Vos that i is, at th the e point where | 
sand is required, f =P, P, namely, the entire available pull. om 
‘Using the previous s velocity limits limits. 
= f= 
-_ 


-grade” kinetic ‘equation for a train ‘the: 1. 5% Using the 


Wellington formula for an easier integration : 


62 


m= 44d (11.95 + 


487 X 2.3 [log (il. 95 944, log. (11.95 + 216.1)] = 3182 ft. 


How near the > operator’s judgment would actually be to the 


‘distance already along ‘the because in the foregoing 
distance i is the factor involved in the kinetic 


a On the other hand, if the operator’s judgment depends on the time elapsed, OF 
his throttle regulation should virtually agree with the loss of momentum at ee 
‘any time compared with the names within the assumed velocity limits; 


s time is the factor involved in the momentum ‘equation: ile en 


this case, the formula for variable draw-bar follow the 
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GRADE 


Substituting this formula in the “ ‘up- -grade kinetic 


i climbing the 1. 5% hump, as already outlined, and using the Baldwin straight, 
¢ line formula to avoid elaborate integrals, inasmuch as the traction function is is a 


82 


7 which is the same ‘kind of differen tial equation as that already used. aide ‘ne 


0,888 62.2 


which equation would lead to of negative order ta 


d 
lo, 8. 82 Napierian | log 


the previous velocity 1 limits, s= 478 ft, as compared with 
: ES a 3182 ft. from the Wellington formula. . The lower value, 2478 ft., being more 
conservative and being derived from the Baldwin formula which agrees fairly 

oy well with the ‘Berry figures, ‘seems to be preferable. 
Opponents of straight- line ‘resistance formulas however, the 
average 2830 ft. which involves a possible error of about 12% either way. 
__ This variation is not important in practice because of the uncertainty in the 


If th the straight- line resistance formula is used, with second “degree 


Ne function for ‘throttle opening, or vice versa, ‘it reduces to an integral of the 


which is 3 readily found in mathematical reference books, or may be integra 
a series. Such m athematical refinement is unnecessary; any solution is only 


Incidentally, might happen that the integral, is of such 


‘merical value that, 2b —v=0, which leads to the indeterminate funet my: 
Napierian log, 0 as shown by the following 


fa Consider a train climbing a 1% momentum grade, and endeavor to o calculate | 


* distance traveled : at the time the engine has. to exert its total tractive et effort. 


repre by: 


| 45 — 1.02, v) — (+ ) ds =mvdv =| ) a 
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uc h nv 


unction, 


valoulate 


ds = mv dv 


‘14.7 [Nap. | log. (14.7 — 14. 7) — Nap. log 14. 


(14.7 — 14. 


function being Nap. log 


‘The ‘mathematical explanation is that in the fundamental “equation of 


kinetic energy, mi = 15.016 = a retarding force expressed | by a 


negative | sign for all values of » v from the initial velocity of 44.1 ft. per sec. ec. 
~ assumed, to a velocity of 14.7 ft. per sec. when the force becomes zero and, — 


consequently, the ‘retardation becomes zero. Evidently, then, the mass 


_ Spproaches the velocity of 14.7 ft. per sec. al a minimum. In other words, a a 


mass cannot weir’ retarded from a higher to a | lower hms a zer 


be assumed maximum pull, 26. can 
= by assumin; ga value of velocity which not conflict with 

‘Finally, it should be remembered that this ; paper is written from the 

3 ‘pelt of view of a scientist, but is simply intended to afford a handy means of 
eompatation, based on on the experience of Mr. Berry, that will be suitable for 

railroad office practice as regards economics of location 


elop- 
i= ment. Furthermore, as | the basis « of the method explained is pascal mathe- 


ie matics, actual figures « can be substituted for resistance parameters to suit t the 
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The Special Committee on Specifications for a Design and Constr uc- 
tion transmits herewith its Final Report. on Specifications fo for Steel Highway 


Bridge’ Superstructure, ‘as revised at its meeting in Chicago, I ml, ‘February 1, 


In accordance with your instructions these Specifications 2 are ome 
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—tThese specifications ec cover the design of fixed span — and require 

class design, material, and subject to. the approval of the 
2.—Material. be made wholly structural steel except 
‘baie otherwise specified. Castings shall be of steel, unless cast iron is _ 


Plate girders or lattice trusses 80 to 100 fe id 
-Riveted half- through BE to 100 ft. 
Riveted trusses 90 ft. or over 
Riveted or pin-connected trusses above. . ..... 150 ft. or over 
7 5.—Trusses. —Preference will be given to trusses with single intersecting — 
web members, or other forms of trusses. possessing the least ambiguity in com- 
puted stresses and the greatest elements of serviceability. Adjustable members > 
in any part of the, structure preferably shall be avoided. Members shall be 


designed | so that they can be inspected, cleaned, and painted. _ Through riveted — 
and pin- connected spans will generally inclined posts. Half- 
through trusses shallbe of the riveted type. 
6.—Spacing of Trusses—The width centers of trusses or 
shall be sufficient to give lateral stiffness and to prevent overturning by the 


symmetrical about the central planes of the trusses, and all parts shall be 


= 


‘specified lateral forces, no case shall be less” than one- of 


_the of} ro} ode od 


7.—Depth | Ratios —The depth of trusses preferably shall be not 


one-tenth of the span. The depth of plate girders preferably shall be not less” 
one-twelfth of the span. of rolled beams =. 


8.—Clearance—Bridges constructed for highway “traffic only “not. 


encroach on the space indicated by the clearance diagram, Fig. 1. On struc- 


_ tures carrying electric railways, the clearance shall be increased to meet nl 


tangent shall not be less than 6 ft. 0 in. and shall be reed increased for 


of the case. Clearance from center line of track to the curb. on 


=_—s and super- -elevation of rail. 


Class —Bridges on secondary roads. Good 
| Clase D.—Bridges | ear rying electric railway traffic in addition to high 


ai ‘a Roadway —The minimum clear width of roadway shall be | % 


r each line with a of for one line of traffic. 


Papers. 
— 
| 
may be provided. No material shall be rolled, or work done, before the Engi- 7 
_neer has been notified where the orders have been placed. 
. 4 —Type of Bridge—tThe type of bridge to be used for various span lengths 
preferably shall be as follows: 
4 
+4 
01-716 
301-819 
Class A.—City bridges or other bridges carrying a highway traffic of 
— 


Bridges for two lines of highway traffic prefe 
width of of not than 20 ft. 


ur 


i a 1.—Curbs.—The width of curbs shall be not less than 6 in. and cucaaiaed 


floor- beams, the distance between centers of trusses; 


For stringers, t ‘the distance between: centers o of 


For riveted trusses, the ‘distance between | centers of gravity of the 


ay 
pin- -connected trusses, t 


Tor ‘plate girders, the distance between centers of gravity of the. flanges 

(not to exceed out to out of flange angles) unless section modulus is 

to, di ond ant Szorion 1 


id Toad, live load, impact, centrifugal force, and lateral and longitudinal forces. 


- Members shall be proportioned for the combination giving maximum sec- 


 102.—Dead Load.—In estimating the weight of the structure, ‘for the pur- 


_ pose of computing dead load stresses therein, the following unit. weights shall 


jog 
om Stee 490 Ib. per cu. ft. * 
Asphalt-mastic and bituminous macadam. 
i ee . ee ee ee eer eee. 


108. — Roadway Live L Load. —The live loads for roadway shall be represented 
by typical truck loadings. Each typical truck loading shall be considered a8 
occupying one lane of traffic 9 ft. wide. Typical truck loading shall be desig: 
nated by the letter, H, followed by a numeral indicating the weight in tons of 
to oo wot SF to mun to sail dora 10° 


bg 


— 
a clear 
— 
— 
a q 
12.— Dimensions for alculattons——For the calcu ation 0 stresses the 
— 
| 
— 
q 
— 
i 
— 
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ad» one! 


lulus is 


joy 


resent ted 
lered as 
e desig- 


.........15-ton trucks, or one 20-ton truck. 


Gd lo aod dot ...18-ton trucks, or one 15- ton truck 


lb. per lin. ft. and 28 000 Ib. concentrated. 


~The concentrat od Toad are to be placed so as to cause maximum um effect. q 
Typical trucks shall have total — Wren, distributed | as in ‘Fig. 2. aaa 


Width of each rear tire 
equals 1 in. per ton of total 


Clearance 


lod vb | 


105. .—T ypical Electric Cars— train on each track shall be composed 
two double-truck cars coupled together, with wheel concentrations and spacing 


Class A ba _H- 20 lo ads. 


7 
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A nay in the game direction, as the width of will 


alow accommodate, with a maximum of four. For floors of Class B 
a Class C bridges the alternate single truck load shall also be 


In the | design of floor-beams and floor-beam hangers, the fol- 
om lowing percentages of the resultant live load stresses shall be used: % 
For one, or two, loaded lanes. .. ; 100 
ar ‘ a to each girder or truss, each foot of roadway width for road- 
ways 18 ft. or less in width, shall be assumed to carry or one- ninth | 
_ For roadw ays greater than 18 ft. in width, the number of lanes ‘ 
of traffic shall be determined by the equation: 
cane we a number of lanes of traffic, expressed in a whole or ‘ 
mixed number, distributed uniformly over the entire i 
t 
for the highway live as speci- 
on any of the or the electric live loads on the car track 
9—Sidewalk live loads for Class A bridges shall be | 
to exceed aX maximum of 100 Ib. Ib. per sq. in which 
Class B B or Class C bridges. use 80% thie loading. 
use this for Class A bridges, WwW B, in which B is tlie width 
—WShear. calculating ‘shears and end reactions ra stringers” 
and floor-beams, no lateral or longitudinal distribution ‘of wheel loads 
110.—Bending M oment in Stringers —In determining bending ng moments 
as in stringers, each wheel load shall be assumed to be concentrated at a point. 2 
When the: floor system is designed for one truck, each interior aoe Va 
shall b proportioned to support that part of one rear- -wheel | load, 0 


— 
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parts of one wheel load and one rear- load, by a frac: 


4 ft. 0 in. ‘for lank 


also be 
2 
he fol- & 


4 ft. 0 in. for 4-in. ond, 6 “in. strip floors and wood blocks on a 4-3 in. —_ 


4 ft. 6 in. for floors. beans: ad fis pile _ 


‘The live load supported by the outside stringers rs ‘shall be the reaction 0 n of 
nf 

‘a wheel in the most unfavorable position, assuming the - flooring to act as a 
simple beam, but this live load shall in no case be less than would be required 
for interior stringers under these requirements. 7 
_ These distribution rules govern only when the stringer spacing is not 
greater than the denominator which applies ‘to the particular case under 
consideration. When the stringer spacing is greater than this distance, ‘the 
hole or stringer loads: shall be determined by the reactions of the truck wheels placed 
in the ‘most unfavorable ‘Position, assuming the flooring between ‘stringers 


cause The combined load capacity of the stringers: in a panel shall be not less 


than the total live and dead load in the panel. od of ois 


speci- —Bending Moment in Floor-Beams —In determining bending moments 

r track [je ‘floor- -beams, each wheel load shall be assumed as concentrated at a point. 

condi: | When stringers are omitted and the floor is supported directly on the floor- 

fer line ie the latter shall be proportioned to carry that fraction of one axle load, 

ny 7 when the floor system is designed for one truck, or of two axle loads, when ~ 

hall be the floor system is designed for two trucks, the numerator of which is the 
floor- beam ‘spacing, in feet, and the denominator of which is: 


We 
5 ft. 0 in. for 4-in. and 6-in. strip: floors and wood blocks ong 4in, 
0 in. for reinforced “gonorete | floors, of 


When the spacing of floor-beams | exceeds the denominator given, but i 
less. ‘than: ‘the axle spacing (14 ft. 0 in.), each beam shall be proportioned to 
the floor-beam spacing exceeds the ‘spacing of axles, the load 
- ported on each floor- beam shall be the maximum reaction due to the axle ea 
loads, assuming the flooring between floor-beams to act as a simple beam Be 
of Electric Railway Wheel Loads.—Electric railway 
r _ wheel loads may be assumed to be uniformly distributed longitudinally over 
ls length of 3 ft. 6 in. In the case of ballasted floors, a lateral 
ments 
4 point. the maximum computed live load stresses. For floor- heiiie aia stringers, 
stringer increment shall be taken as 30%, and for floor- instep od as 60%, of a : 


r those live load stress, provided these abso ges 


= 


Papers. 
lass ors and wood blocks on a 4-in. 
== 
2 used: shall be proportioned to support that part of one rear-wheel load, or nll — 
| ar 4 parts of one front-wheel load and one rear-wheel load, represented by a frac 8 
| deliv- 4 
rr 
oad 
oy 


SPECIFICATIONS FOr HIGHWAY 


the following formula. For the increment shall 


Aa fe I = impact or dynamic increment to be added. to live load stresses; 

wii bel = loaded length of a lane of traffic, in feet, producing the maximun 

30 stress in the member. For bridges carrying more than one lane 

ae ud beta of traffic, the aggregate loaded length of all lanes producing 


Impact. shall not be added to stresses produced by longitudinal and lateral 
11h —Allowance for Increase of Live Load. —For the calculation of stres 
_ reversal or counter-stresses, the specified live loads, either uniform or con- 
_ eentrated, shall be increased 100% and, for this load condition, the specified 
_ unit stresses shall be increased not more than 50 per cent. The resulting sec. 


shall be not less than would have. ben requined had, allowance for 


ee a shall be een to resist a “lateral force ane to 10% of the moving 
= railway load without impact allowance. oad shall be assumed to act 
---:116.—Lateral Forces. 1—-Spans o of 150 ft. and less shall be designed to resist 
a lateral force of 300 Ib. per lin. ft. on the loaded chord and 150 Ib. per lin. 
ei “ft on the unloaded chord. For spans of more than 150 ft., for each addi- 
tional 30 ft. of span there shall be added 10 lb. per lin. ft. for the loaded 
_ chord and 5 Ib. per lin. ft. for the’unloaded chord. 
lateral forces are to be considered as moving loads, oil) wit 
hat 117.—Viaduct towers shall be designed for a horizontal wind force of 50 Ib. 
per sq. ft. on one and one-half times the vertical projection of the structure 
—Longitudinal Force.—Provision shall be made for the starting and 
stopping of electric railway trains, with a coefficient of friction of 15 per cent. 
ols 119. —T emperature.—Provi ision shall be made for movement due to ten- 
“¢ perature. For thermal stresses in fixed arch bridges provision shall be made for 
stresses induced by a temperature range of 120° Fahr, 
——-_- 120.—Alternate Stresses—Members subject to alternate stresses of tension 
_ 4 “and compression shall be proportioned for the kind of stress requiring the larger 
“a a section. If the alternate stresses occur in succession. during the passage of live 
ae load, as in stiff counters, each stress shall be increased by 50% of the smaller. 
—Combined Stresses. —Members subject to axial and bending 
stresses shall be proportioned so that the combined fiber stresses will not 
a if exceed the unit stresses given in Article 201. In members continuous over 
_ panel points, three-fourths of the bending stress computed as for simple beams 
shall be added to the axial stress) £118 sd-toolt doko so 
122.—For stresses produced by combination of longitudinal or lateral 
forces with live load, dead load, impact, and ‘centrifugal force, the unit 
ae _ gtresses may be increased 25% over those specified in Article 201. When sec 
on ondary stresses are included the unit stress may be increased 584 per cent. 
bat In no case shall the section be less than that required for dead load, live load, 
_ impact, and centrifugal force at the unit stresses specified in Article 201, ot 
oe than that required if secondary stresses are not considered. ria ait 
128. —Secondary Stresses—Secondary stresses shall be 3 where pos: 
sible in designing ‘and detailing. In ordinary trusses without _sub- paneling, 
_ secondary stresses due to distortion need not “be considered in any member 
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| 
‘the width of which, measured parallel with ee plane of flexure, is less than 


one-tenth its length. . All other secondary stresses shall be considered. — 


‘allowable stresses shall be used: ‘Seen sank? 


aximun som ifs Allowable Structural and Rivet Steel: 

a 


ance fot but not to the value for — = 40 bith 


per lin. 
ch addi- com 
e loaded 


of 50 bb. Shear in power-driven field rivets and bolts... 100 


structure i Shear in hand-driven rivets and rough bolts...... Lies hae 4. 5 


Bearing on pins, shop-driven rivets, ‘outstanding legs. of 
stiffener angles, and other steel parts in contact........ 24.0 ae 
Bearing on power-driven field rivets and turned bolts... 


Bearing on hand-driven rivets and rough bolts..........— 

Bearing on rollers, pounds per linear inch, d= =diameter wt 

he larger earing countersunk rivets; one-half the depth 


of countersink shall be inv calculating bearing... 


bending 


will not fas Bending 3 in cast iron... 


T. 
smalle rivets shall not be assumed | to carry” ‘stress, 


le beams 

te For ¢ cast-steel shoes and pedestals, the allowable unit stress for structural 

the unit _ For members calipesed of steel of greater strength than structural grade, Dae 


Then see- the allowable stresses and the numerator of the column formula, should 

ner cent. J be increased i in proportion to 1 the higher yield point of the stronger ‘steel, a q 

ive load, vided the yield ‘point is not more than 70% of the ultimate strength. Th the 4 


> 201, of & Peg formula, the fractional portion of the denominator should be increased 


1ere pos- tts abet af ~ "wee 


a 
Table 9 of Final Report on Specifications for Steel Railway Bridge Superstruc- 
membet me, Transactions, Am, Soc, C, E., Vol. LXXXVI (1923), p. 499, a 
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202.—Allowable Pressure on Masonry— 


Limestone and sandstone (good quality). 


2038.—Compression: Flanges of Beams and Girders. —_The’ laterally unsup- 


ported length of the compression flanges of beams and girders shall not exceed 
forty times the flange width. ‘The “compressive. stress, in pounds 


vv 6 


a 


l= length, ‘inches, of unsupported flange, between lateral connec. 
= flange width, in inches; this. condi tens here 


nor 140 for laterals and the top chords of 
+ low trusses, the unsupported length shall be assumed as the distance between 


205.—Tension Members.—For main “riveted tension members, the of 


length to least radius of gyration shall not exceed 200.0 


aif Section 3—Detais or Dzsicn a 

Pe 301 —T "ay of Metal.—The minimum thickness of structural steel shall 
be i in, except : for fillers, railings, and unimportant details. -Gussets shall not 
be less ‘than 2 in. . thick. Metal: “subjecter to marked eorrosive influence shall 

= 302.—Open Details. —Details shall be arranged so as to give free access 
a: for inspection and painting. Water-pockets shall be avoided. BES >. 
 $08.—Eccentric Connections. —Wherever practicable, connections shall be 
ania ‘symmetrical with the axis of the member, and members ‘shall be con 

- nected so that their neutral axes intersect at a point; but if eccentric conne: 

- tions are unavoidable the members shall be proportioned so that the combined 
; fiber stress will not exceed the allowed axial stress, 
 804.—Compression Members. —Compression. members shall be designed 30 


10 Ib. "shall have open. turnbuckles. 


any panel shall be adjustable. Cone ony. 


son —WNet Sections.—Net sections shall be used in all cases in calculating | 
_ tension members; and, in deducting rivet holes, they shall be taken as 3 in. 
larger than the nominal diameter of the rivet. “In sections having rivets stag 


red, all rows. shall be arranged so net 


aD 
— 
— 
80 
tio 
ame 
d 
3 
rec 
thy 
Ri 
= 
— be 
a6 
ete 
Ma 
sha 
in 
rive 
tim 
of 
tha 
vers 
the 
D 
shal 
mor 
tor 
dian 
plat 
ion may | 
f gravity of the se wet ing similar spec 
and so that in ls and members f pin-connec 
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is 
a zigzag line, taking all distances on the diagonal, at 90% of their value, 
greater than the corresponding net section across the plate. F big 

ed The effective area . of single angles in tension shall be assumed as the net . ° 
area of the connected leg plus 50% of the gross section of the unconnected — 7 
leg. The effective area of a double angle tension member shall be assumed - 

—_ 80% of the net section of the ‘member, unless the end details and connections 
nsup- 
xceed tions, in which case e the full net area ‘may ‘be used. iad 
quare _ 808.—Pin- connected riveted tension members shall have a net section back 


net section of. the body of the and chal have a net section 
through the pin-hole at least one-third larger than the oll 
Riveted tension members _ shall be stitch-riveted where necessary to make a 


$09.—Maximum Length of Rivet. —The total thickness of metal 
by rivets shall not exceed six times the nominal diameter of the rivet to i's 

 810.—Rivet Spacing. —Rivets shall be proportioned by their nominal diam- 
eter. They shall not be spaced, center to center, closer than 3 diameters. - 
Maximum pitch in the line of stress for members composed of plates and a 
shapes shall not exceed sixteen times the thickness of the thinnest material 

| connected, and shall not exceed 6 in. for 2 in. and % in., 7 in. for 1 in, 8 in. 
for 14 in., and 93 in. for 13 in. For angles connected by more than one gauge {+ 
line, and with rivets staggered, the maximum pitch i in each line may be twice 
the foregoing values. When ‘two or more plates are used in contact, the 
lines of Soom nearest their edges shall conform to the foregoing, and the 
rivets on the interior gauge line shall not be farther apart than twenty-1 — 
times the thickness of the thinnest ‘material connected in any direction. a 

In sides of compression members, consisting of only one plate, the pitch Da: 
of the rivets in the direction transverse to the line of stress shall ‘not be more — 

than thirty times the thickness = 


hall not cover-plates on compression members, the pitch of the rivets ans- 


tr 
re shall §B Yerse to the line of stress shall not exceed forty-five times the thickness of 
_ ‘the plate, provided that, if this pitch is made greater than forty-five times, — 
> access #% Up to a permissible ‘maximum of ‘fifty times, the excess over forty- five times 


shall not be consider ed as effective in resisting stress. 


shall be The pitch of rivets at ends of built compression members shall x not & 


be con More than 4 diameters, for ‘such a distance as will develop the area of the 


ombined Rivets” shall not be spaced | closer. to sheared than. 12 diameters, 


__, Mf rolled or planed edges, except in flanges of beams and channels, than 13 


ened diameters, nor farther the edge than eight times the thickness of the 
nter 811—Use of Bolts. specifically authorized, bolted connections shall 
not be used. Bolts, when authorized, shall be unfinished or turned, as may b 
specified, and. shall meet the requirements of Article ‘416. 
812. —Connections and Splices.—No connection, except for lattice- bars 
hand- rails, shall contain less than three rivets. All _ connections and splices, 
etl of whether in tension or compression, shall” be proportioned to develop the full 
onals in strength of the members, and no allowance in excess of 50% shall be made a 
milled ends of compression members. Continuous compression members 
Jculating ro structures, such as chords and trestle-posts, shall have faced ends and ~ 
“as $i A contact bearings at the joints. Splices shall be as near the panel Zhe 
ots sth Practicable and, in general, — be on that side of the panel point waren is 
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7 
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8138,—E xtra m Packing.— —Filler-plates through which is trans. 
mitted, or splice- -plates not in direct contact with the parts they connect, shall 
be entended Sor: autre: lo pois 
$14.—Latticed Members.—All segments of members in ‘compression, con- 
“nected by latticing, shall have batten- plates at each end. The thickness of 
such ‘plates shall not be less” than one-fiftieth of the distance between the | “a 
rivets connecting them to the compression member. In no case shall the f& she 
= of such batten- plates be less than one and one- quarter times the dis J 


used, their shall be at leas dives the width of the ‘member. 
In compression "sive, the last rivet in the batten-plate shall preferably also hi 
end of the adjacent bar. The distance the & 


"et 815.— composed of shapes shall have their separate seg: 
ments connected by batten-plates, or by batten-plates and lattice-bars. 
$16. —Lattice-Bars- —Single lattice-bars generally shall be inclined at an 
_ angle of 60° with the axis of the member, and double lattice-bars at an angle 
_ of 45° and riveted at the intersection. Single lattice-bars shall have a thick 
md ness of not less than one-fortieth, and double lattice-bars not less than one- 
sixtieth, of the distance between 1 rivets connecting them to the compression Pe 
$17—Latticing of compression members shall. be proportioned to resist 
stress normal to the member than that calculated the 


in which, Bo fade to anil: ‘oF tf 4 ais if 
normal shearing stress, in pounds; 2 gh! 
ane = strength of column as a compression member, in pounds; a. 


a  -y = distance from neutral axis to extreme fiber, in inches. wilt 


n compression members with -cover- -plate, the cover-plate will be assumel 
> wil 


» The diameter of rivets shall not exceed one- -third the width of the si 
«818: —Reinforcing Pin-Holes—Where necessary, -holes ‘shall be rein: 
plates. 7 These plates shall: be connected so as to distribute the 
_ bearing pressure proportionately over the full cross- -sectign with | a minimum 
* of eccentricity. At least one full-width plate on each segment shall extend not 
less than 6 in. beyond the near edge of the batten- plates. oe. (ee 
«819. —Forked Ends—Forked ends of compression members should be 


Barr! 


ome avoided. Where forked ends are used, a sufficient number of pin- -plates shall 

ca be provided to give each jaw the full strength of the compression member. 

_ At least one of these plates shall extend to the far | edge of the batten- plates, 

and the others not less than 6 in. beyond the near edge of the batten-plates. 

_820.—Floor System- 2 bate preferably shall be at right angles to the 

- trusses ‘or main girders and shall be rigidly connected thereto. Spans with 

floor systems preferably shall have end floor- beams. When floor- beams 

+ “4 are not u used, the end panel stringers shall be ‘secured it in correct | position | by 

of end struts securely connected to the stringers and to the main. ‘girders | or 

; ae trusses. The end panel lateral bracing shall be rigidly attached to the mail 


elatively stronger than the colump 12 
the column. shall be 

them, composing 

F 

7 
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ms with end 

Suitable floor expansion joints shall be and ‘attached to the steel- 

oe work at the expansion ends of all spans | and at other points where they may 

oN, COn- § be required. Apron-plates, when used, shall be designed to bridge the joint 

mess of properly and to prevent the deposit of roadway débris on the masonry. == 

een the  321.—Design of Bracing.—Lateral, longitudinal, and transverse bracing 1 

hall the shall be composed of rigid members, and shall have riveted connections. = =—— 

the dis B In general, bracing shall consist of a double system of of diagonal members 

ates ar with transverse compression members, = 

nember,@ All intersections of lateral and sway-bracing shall be rivete TL ee er 

bly also $22.—Lateral Bracing.—Top lateral bracing shall be in all spans, 

een the IB except half-through bridges which shall have the top chord rigidly fixed i 

between fe position. . Through bridges shall be provided with an upper lateral system : _ 

having struts at least as deep as the top chord, and with post brackets at the . 

intermediate panel | points ¢ of sufficient _ strength to maintain the panel in @ 

vertical position under the specified wind pressure. When head-room per- a 

_” ‘jf mits, an overhead system of sway-bracing shall be used. Portal bracing shall — 

_ Each main panel of deck bridges shall be provided with intermediate sway- 7 7 


mn angle 
hick bracing of sufficient ‘section to carry one- -half the maximum increment due to 
a thick- 


rided in all bridges’ except I-beam 
spans and deck plate girders of 16 


either deck or through bridges, the shall be propor- 


an one- 
pression 


"by the tioned to carry the entire ating lateral stress to nae support through the end 
Posts of the truss. vod feat od exsdoot 
Viaduet towers shall braced transversely and longitudinally by a sys- 
a nia “tem of rigid diagonals with riveted connections. Longitudinal and transverse 
fs _ &@ struts shall be placed at caps and bases and at intermediate panel points. All 
e Da bracing connections shall be made with gusset-plates. The struts at the base 
__ @ of towers shall be strong enough to slide the movable shoes and 1 provide expan- 


sion, at 25% friction, with the truss unloaded. 
—Half- Through Truss Spans.—The vertical truss members and the 
floor-beam connections of hakt- through truss spans shall be proportioned to 
vidi _ && tesist a lateral force, applied at the top chord panel points of the truss, deter- 


+ min 
ute te Me 6C = area of cross-section of chord, in square inches; ibiw 303 


t 
8 Preferably « outrigger. brackets: attached to the vertical posts on the outside 

es shall 824.—Plate Girders—The upper corners of through plate girders, 
oailian “exposed, shall be neatly rounded to a radius consistent with the size of the | = 
ree Pd angles and the vertical height of the girder above the roadway. The | 
a-p 4 Tange plate, or a plate of the same width, shall be bent around the curve and — 
lates. — a _ Continued to the bottom of the girder. In a bridge consisting of two or — 

Ss to bi Spans, only the corners of the extreme ends need be rounded, unless the spans 
ns with have girders of varying heights, in which case the higher girders. shall have © aol 
r-beams their top flanges neatly curved down at the ends to meet the top corners of the eae 
ders ot The upper flanges of through plate girders shall be rigidly braced laterally, al 
1e main at the panel points of the bridge, by knee-brackets with solid webs, which 

‘Shall extend out to the clearance Tine. IOR GAB 


- 
| 
: 
4 


"SPECIFICATIONS FOR STEEL ‘HIGHWAY ‘BRIDGES 


ba Plate — shall be proportioned by assuming x that the ean are con- 


<A centrated at their centers of gravity, but in no case beyond the back of flange 
_ angles. One-eighth of the gross section of the web may be considered as flange 
area, provided the web is properly spliced to transmit its bending moment. 
= unusual sections, the section modulus (net tension) may be used. ts 
When flange plates are used, at least one plate on each flange shall extend 
Bie the full length of the girder. Any additional flange plates shall extend 1 ft. 
bey ond the theoretical point required, and there shall be a sufficient number of 
rivets at the end of each plate to transmit its stress value before the theoretical 

point of the next plete is reached. 

ts 885. —Stiffeners. —Stiffener angles shall be placed at end bearings and a at 
points of concentrated loading; these stiffeners shall not be crimped and shall 
have outstanding legs proportioned for bearing and extending as nearly as 
practicable to the edge of the flange angles. 
Webs shall be stiffened by angles riveted thereto in pairs on opposite sides, 

: “4 with outstanding legs not exceeding sixteen times their thickness, nor less than 

- 2 in. plus one-thirtieth of the depth of the girder. ‘Intermediate stiffener 
"shall be placed at intervals not exceeding the depth of the web, nor 6 ft. 
«826. —If the depth o f the web between the flange angles or side-plates is 
lets totes sixty times the thickness of the web, intermediate stiffeners may be 
= $27. ae Bearings. —Expansion — ends shall be firmly secured against 
lifting or lateral movement. Fixed bearings shall be firmly anchored. Spans 
~ of less than 70 ft. may be arranged to slide upon steel plates with smooth sur- 


i. 
7. faces. Spans of 70 ft. or more shall be provided with rollers or rockers 
Neither rollers nor rockers shall be used for expansion bearings at the top 
a3 of trestle-posts. Spans of 70 ft. or more shall have hinged or pin-bearings at 
a 828. —Expansion rollers shall not be less than 4 in. in diameter See spans 
of 100 ft. or less, and this minimum shall be increased not less than 1 in. for 
; saa additional 100 ft. and proportionally for intermediate lengths. They 
ys ;: shall be connected by substantial side-bars and shall be effectively guided s0 
as to prevent lateral movement, skewing, or creeping. _ The rollers and bearing- 
i. plates shall be protected from ‘dirt and water as far as possible, and the con 
___ struction shall be such that water shall not be retained ‘and that the roller 
nests may be inspected and cleaned with the least difficulty. ‘ ‘Pin-bearing 
expansion rockers preferably shall be of steel. 
$29.—Pedestals and shoes shall be used and be designed to secure rigidity 
and stability and to distribute the reaction uniformly over the entire bearing 
area. _ They shall be made preferably of cast steel or structural steel. The bot 
tom bearing widths shall not exceed the top bearing widths by more than twice 
the depth of the pedestal and, when involving pin-bearings, this depth shall 
ae be measured from the center of the pin. Where built pedestals and shoe 
are used, the web-plates and the angles connecting them to the base-plates 
shall not be less than § in. thick. If the size of the pedestal permits, - webs 
spans on an inclined grade and pin or hinged the 
sole plates shall be beveled so that the substructure bridge seats will be level 
4 — 830. —Anchor-Bolts. —Anchor- bolts for trusses and girders shall not be less 
= than 13 in. in diameter and shall extend into the masonry not less than 12 in. 
Washers shall be used under the nut, Anchor-bolts subjected to tension, % 
in: viaduct towers, shall engage 50% more masonry, than is required by the 
gree —Eye-Bar Packing.— —Eye-bars shall not be packed out of line with 
‘the axis of the member more than ‘in. ft. on on 
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382.—Camber.—For important structures” those designed to carry” 
electric railways, ‘the length of the truss members shall be such that the 
camber will equal the deflection produced by the dead load plus full live load 

without impact. — Ordinary structures shall be cambered by increasing the 0 
length of the top chord approximately * in. for each 10 ft. of horizontal - 

888. Baiting —Substantial railings shall be provided along each side of | 
the bridge for the protection of traffic. In general, the railings shall be se 


oment. 
extend 
id 1 ft. 
nber of 


1.—Railings 3 suitable on country bridges which are wok 

1d | 3 for the protection of pedestrians on bridges cities and 


The top rail shall be aay approximately 3 ft. 6 in. above the floor 


@ sides, adjacent to the railing and shall be capable of resisting a horizontal a - 
iffeners - Railings of the first class may consist of not less than two lines of rk sala 
ft. a rails of approved section. Railings of the second class shall consist of an 

lates is upper and lower rail connected by a suitable web. | _ The ae distance bebunen _ 
may be the floor and the lower rail shall not exceed 6 in. 

Preferably the unsupported length of any rail hall. not ences 8 ft., 


against 
Spans. 
oth sur- 


all connections to the posts, truss members, etc., shall contain not less ‘than 
two rivets each. Provisions shall be made for movement due to i qempenaiere. 


the top ener. par | 
rings at 401.—General.—All shall ‘the best practice in 
+. modern bradns shops. The methods used and the character of the work done 


shall be such that ‘the strength ba the ‘various: ‘members, as designed, ‘Shall | ie 

by methods that will avoid any excessive bei internal stresses. SRD kinks 
and bends may be cause for rejection. 


spans 
1 in. for 
They 
uided s0 


a) 
—~Shearing Structural Steel—All shearing shall be neatly and 
roll material ial exceeding 2 in. in thickness, shall h have 2 in. planed from the sheared — 7 
40h. —Shearing Alloy Steel. shearing shall be neatly done and material 
rigidity exceeding 3 in. in thickness, shall have } in. planed from the sheared edges. a _ 


 405—Rivet Holes. —Material forming parts of a member composed of more — 


4 than five thicknesses of metal shall be punched, or drilled, with a tool % in. 
aon twill smaller than the ‘nominal size of the rivets, and reamed to full size after the Be 5 
th shall parts are assembled. When the holes are made after the parts are assembled, “ 
shoes they shall be drilled full size. 2). 
plates  406—Rivet Holes in Structural Steel. forming parts of a mem 


ber composed of not more than five thicknesses of structural steel may be 


wee punched vs i in. larger than the nominal size of the rivets, whenever the thick- 
ay the ness of the metal is equal to or less than # in. AM metal thicker than a in. » 
‘be level. be sub-punched and reamed, or drilled, from the 
be less 407. —Rivet Holes in Alloy "Steel. —Material in, or less, in thi ckness 

‘an 12 in orming parts of a member - composed of not more than five thicknesses of alloy SP 
msion, a8 steel may be punched 2 in. larger than the nominal size of the rivets. _ Material — = aga 


thicker than: in. shall be drilled, with a fs in. than 


ca 


re con- 
flange 
flange 
4 
i 
g 
— 
d by the 
line with assembled, or drilled from the solid. All metal thicker than the nominal a 7 
1 on pint ‘ze of the rivets, less} in.,shallbe drilled, = 
408.—Drifting —Drifting to enlarge unfair holes will not be allowed. a 


SPECIFICATIONS FOR. STEEL HIGHWAY BRIDGES 

Th ‘409. g.—Rivets shall be heated uniformly to a light cherry 
color and shall be driven while hot. The heating of the points of rivets more ff 

- than the remainder will not be permitted. When ready for driving, they shall ¥ 
be free from slag, scale, and other adhering matter, and, when driven, they bi 
shall completely fill the holes. Burned, burred, or otherwise defective rivets 

- Loose, burned, badly formed, or otherwise e defective rivets ‘shall be cut out. 
Caulking and -re-cupping of rivet heads will not be allowed. In eutting out b 
4 defective rivets, care shall be taken not to injure the adjacent metal and, os 
_ necessary, the rivet shanks shall be removed by drilling, = | 
oe Shop rivets shall be driven by direct- acting riveters where practicable. The 
#2 ee machine shall retain the ; pressure ‘for. a short time after ‘the upsetting 


Pneumatic hammers shall be used “for field when the use 


5 


—Punch dies ‘shall ‘not. be ‘more in. ean the 

= eb- Plates.—Web- plates of whieh have no cover- -plates, shal 
be flush with the backs of the top flange angles or project above them not 

of girders that have cover- -plates_ may be 3 in. less in width 

than the distance back to back of flange angles. The ends of web-plates af 

shall not be more than } in. apart. 


—Splice Plates and Fillers—Web- plates, and fillers shall ft 
within in. of the flange angles; 
Stiffeners—Web stiffeners at bearings and points of concer 
in trated loads on the flanges shall be faced and brought to bearing against the « 


Se —Lattice- Bars—The ends of lattice- -bars with single rivets shall be 


—Floor- -Beams and Stringers. —The main sections of floor-beams ani 
stringers ‘shall be of, exact length after riveting, and the end connection it 

shall be accurately set to length, square. 
$16.— Bolts. —The use of bolts i in place of rivets will 1 not be ‘permitted, except 
cases. hen bolted connections are authorized, the bolts furnished 


a fit ‘with the threads outside the The heads and nut: 


rm — shall be ‘hexagonal. _ A washer not less than } in. thick shall be used under the 7 


---- Rough bolts shall be standard machine bolts with hexagonal heads and nuts Jet 
The use of “button- -head” bolts will not be permitted. at 
es —Abutting. —Abutting joints shall have a close fit. The abutting sur 
~ faces of « compression joints which depend on contact bearing, shall be accurately 


418. —Fye- Bars —Eye- bars. shall be made by a process that will produce 

uniform product. Welds will not be allowed. form of f the heads may be 
determined by the dies at the works where the e eye-bars a are e made if satisfac 
Ss to the Engineer, but the manufacturers shall guarantee the bars to break “ 

in the body when tested to rupture. The thickness of the head shall not be A 
more than 3 in. greater than that of the bar, except by mutual agreement" 
‘419.— ‘Pin Clearance-—The diameters of pin-holes shall not exceed those 
the pins by more than sz in. DAS este ul 


be 


_ 420.—Pins.—Pins more than 7 in. in diameter shall be forged and annealet 
Pins 9 in. or more in diameter shall have a 2- hole 
axis. All pins shall be turned. agtal its ot 
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SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES» 


a aoe etdectioniat? area at the root of the ‘thread which shall exceed the net — 


section of the body of the member by at least 15 per cent. = iti a 


.4229-—Steel Castings—Steel castings shall be free from large and injurious 


423.—Bed-Plates—Expansion bed- plates. shall be planed true and smooth, 
The finishing cut of the planer tool shall be in the direction of expansion. Cast } 


wall-plates shall be planed on top. Sit To 


-424.—Screw-Threads.—Serew- threads shall be U. S. Standard. The nuts 


—Welds.—Welds will be allowed only when authorized by the Engi- 
neer and where the unit stress is not mcre than one-half the ordinary specified 


 -426.—Pilot Nuts.— -Two pilot and two dvtving ¢ nuts shall be for 


427 —Field Rivets.—Field rivets shall be furnished in ‘excess of thé ‘nominal 
number required to the amount of 10% plus 10 rivets of each size and length. - = 
—Shop Painting.— —All surfaces that come in contact or that are ‘closed 


shall receive one coat of approved paint before being assembled. * All steel shall — 
be scraped free of scale’ and shall receive one coat of approved paint before — 


(429. —All machined surfaces shall receive a “coat of white lead and tallow 


—Facilities for Inspection.— —The Inspector shall be access to 


431—lInspector’s Authority —The Inspector shall have the power to reject 

tidterials and. workmanship which do not fulfill the requirements of these speci- 

fications ; but, in case of dispute, the may, appeal to the 


* 


482.—Rejection —The acceptance of any ‘material or finished by 


the Inspector shall not be a bar to their subsequent rejection, if they are found 


Rejected material ‘and workmanship shall replaced ‘promptly ‘or made 
o 


_ 601 hen the acceptance’ of eye-bars on the 


602. —Number of Full-Size Tests. —The number and size of the bars to be ie 
tested shall be specified by the Engineer before the mill order is placed. — 

_ 4503.—Selection of Eye-Bars.—The test bars shall be the same section as the | i 
bars that are to be used in the structure, and of the same length, if within — 

the capacity of the testing machine. Test bars, representing bars too 
for the testing machine, shall be selected from the full-length bar material a _ 
after the heads | on one end have been formed, and shall then be cut and the - 
second head formed to the greatest length that can be tested. ees ce 
for Full-Size Tests—The requirements. for full-size 


sbba od wat at to tdgt OW annealed eye- bars 
in kips per. square e inch, minimum.... ~ 30.0 
Ultimate strength, in kips per square inch, minimum __ 55. 0. ‘al 


Blon ation reentage in 18 ft., minimum........ 


‘The elongation shall be measured in the body of the bar including the 
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> 606. —Re- a bar fails to meet the 
bars of the same size and from the same mill heat may be tested. If two or 
a * bars tested fail, the bars of that size and mill heat shall be rejected. nia 


608 = —Payment for Eye-Bars —Eye-bars thus tested which meet the 


a ments of these specifications, shall be paid for by the purchaser at the same 
unit price as for the structure. Bars which fail to meet the requirements of 
the specifications, and all bars rejected as a result of the tests, shall be at the 


awed on Tippee weight of metal in the fabricated including field rivets 
_ shipped. The weight of erection bolts, field paint, “and all boxes, crates, or 
-_ other containers used for packing, together with sills, struts, and rods u used 
supporting members during transportation, shall be excluded. 

 __ Weights paid | for shall be shop scale weights unless otherwise provided. 

- ‘If specified in the contract, or permitted by the Engineer, computed weights 
an as hereinafter provided may be made the basis of payment. 2 
 602.—Variation in Weight—lIf the weight of any member is more than 
an 28% less than the computed weight, it may be cause for rejection. _ This applies 


" to both pound-price and lump-sum contracts, 


a If the total scale weight of any structure exceeds the computed weight by 
a fi more than 2%, the weight in excess of 2% above the computed weight shall 


608. — Weighing of Members.—Finished work shall be weighed i in the pres- 
¥ ence of the Inspector, if practicable. The Contractor shall supply satisfactory 
seales and shall work. involved in handling and weighing the 


“Computed Weight. _The weight of steel shall be at 490 I 
__ The weight of cast iron shall be assumed at 450 lb. per cu. ft. 


width, shall be computed on the basis of their nominal weights and Se 


as shown on the approved shop drawings, deducting for copes, cuts, and open 


ois --‘The weights of plates wider than 36 in. shall be computed on the basis of & 
their dimensions, as shown on the approved shop drawings, deducting for cuts § 


and open holes. To this shall be added one-half the allowed iioetents of 
over-run in weight givenin Article711.0 


The weight of heads of shop-driven rivets shall be ‘included i in the com- 
3 puted weight, assuming the weights to be as follows: 


The weizht of castings shall be computed from the dimensions shown on 


ee 


Lac 


for shop paint. pr 


606. —M arking and Shipping 
= 


have the weight marked thereon. Bolts and rivets hing one and 


- and loose nuts or washers of each size, shall be packed separately. Pins, small 
ng - parts; and small packages of bolts, rivets, washers, and nuts shall be shipped 


in boxes, barrels, the gross’ weight of any package shall 
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+ 


exceed 300 1b. A list and description of the contained material shall be diitindy = 

_ marked on the outside of each shipping container, 
a _ Anchor-bolts, washers, and other anchorage or grillage “materials, shall be 

shipped to suit the requirements of masonry construction. 
—Handling -Material—The loading, transportation, unloading, and 
- storing | of structural material shall be conducted 80 that the metal will be 
and free from i injury. aba ade 3 


7 7. — STRUCTURAL STEEL ror bo 
hall be sit “These conform to the Standard Specifications for r Structural 


“Steel for Bridges of the American Society for Testing Materials. 


ates, oF —Steel Castings—The Standard Specifications for Steel Castings 


ds used 7 


(Serial ‘Designation, A27), adopted by the American Society for ‘Testing 
ded. Materials, shall govern the purchase steel castings for bridges. Unless _ 
otherwise specified, Class B castings, medium grade, shall be used. 

3 applies 702—Process-—The steel shall be made by the process. 
708. —Chemical Composition—The steel he following 

the pres: 108 fae edt Yo: 
hing the | “Phgép Acid. ......not« over 0.06% not over 0.04 % 
Basic...... “ “ 0.04% “ “ 0.04 % dviw 
36 in. in 104 —Ladle Analyses. —An analysis of each melt of steel shall be made by 
mensions, the manufacturer to determine the percentages of carbon, manganese, phos- 

and open "phorus, and sulphur. - This analysis shall be made from a test ingot taken 
is La during the pouring of the melt. The chemical composition thus determined 

» basis of shall be reported to the purchaser or his representative, and shall conform to — 
> for cuts requirements specified in Article 708. 
tages of  705.—Check Analyses.—Analyses may be made by the purchaser from fin- 
ished material representing each melt. The phosphorus and sulphur 
the com: thus determined shall not exceed that in 106: by more 

nds, ‘call OL —Physical Properties: and Tests 159 


"eye —The material shall to the requirements as to tensile 
~ 


Tensile strength, in pounds per square inch.. .| 55 000—65.000* 46.000—56 000 


ield point, minimum, persquare inch....... a 0. 5 tensile strength | 0.5 tensile strengtl 


tons ‘shall 


Article 706, Paragraph 
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0° rder to meet the required minimum tensile strength of. full-size 


Bevo in specimen tests; the range shall not exceed 14 000 lb. per sq. in., 
and the maximum shall not exceed 74000 lb. per sq. in. The material shall 


conform to the requirements as to physical properties other then | that of tensile ; 


strength, specified in Articles 706(b), 707(b), and 708(b). 
ee) —The yield point shall be determined by the drop o of. the beam of the — 


(a).— —For : structural steel more than a in. in thickness, a deduction from 

: ‘the percentage of elongation i in the 8 in. specified in Article 706(a), of 
0.25% shall be made for each increase of in. of ‘the specified thickness 
above in., to a minimum of 18 per cent. obs. [eit 
(db) —For structural steel less than Ys in. in thickness, a deduction from 

the percentage of elongation : in the 8 in. specified in Article 706(a), of 1.25% 

be made for each decrease of in. in below +s in. 


(a) —The test. epecimen, for shapes, except as epucified 
in Paragraphs (b), (c), (d), shall bend cold through 180° without 


racking on the outside of the bent portion, as follows: For material 2 in. or — 


Tess j in thickness, flat on itself; for material more than ? in. to and including _ 
ee in. in thickness, around a pin the diameter of which is equal to. the thick- 
; -_ of the specimen; and for material more than 1} in. in ‘thickness, ‘around 
a pin the diameter of which is equal to twice the thickness of the specimen. 
a _ (b).—The test specimen for eye-bar flats shall bend cold through 180° rt 
without cracking on the outside of the bent portion, as fol lows: For material 
a in. or less in thickness, around a pin the diameter of which is equal to the | 
thickness of the specimen ; for material more than # in. to and including 13 
q in, in thickness, around a pin the diameter of which - is equal to” twice the 
thickness of the specimen; and for material more than in. 
around a pin the diameter of which is equal to three times the thickness of 
(c).—The 1-in. by 3-in. test specimen for pins, rollers, and ‘other bars, 
when prepared as specified in Article 709, shall bend cold throug gh 18 ° around 
a pin 1 in. in diameter, without cracking on the outside of the bert portion. 7 
at: (d).—The test specimen for rivet steel shall bend cold through 180° flat ; 


on itself, without cracking on the outside of the bent portion, 


(a) —Test specimens shall be prepared for testing from the. in its 

rolled or forged condition, except when it is specified to be annealed, in abiake | 
- ease the test specimens shall be prepared from the material as annealed for 
use, or from a short length of a full section similarly treated. an 
(b) —Test specimens shail be taken longitudinally and, except 2 as 
in Paragraphs (d), (e), and (f), shall be of the full thickness or diameter of | 


(ce). —Test specimens for plates, shapes, and flats may be machined to the 
form and dimensions shown in Fig. 5, or with both edges parallel; except that 

_bend- test specimens for eye- -bar flats may have three rolled sides. 

-*(d).—Tension-test specimens for plates eye-bar flats more than 13 in. 
in thickness, and bend-test specimens for plates more than 14 in. in thick- 
ness, may be machined to a thickness or cianeney, of at least 3 in. for a length 


in thickness or diameter 


eye e-bars, the purchaser may determine the tensile strength to be ; 
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in Fig. 6, in which | case the ends shall be of a form to fit the holders of th e 
testing machine in such a way that the load shall be axial. Bend-test speci- _ 


al 


specimens for. pins and. shall conform to 


Ph eR nae in ‘fee In this case, the ends shall be of a form to fit 
the of the testing in such a way that load shall be axia 


(g).— tension-test specimen shown in F ig. 6 and the 1-in. by 


bend-test specimen for pins and rollers shall be taken so that the axis is 1 in. : 
from the surface; and for other bars more than 13 i in. in dccunicanas or diameter, “ 
the corners rounded to a radius of not more than in. 


_ (i)—Test specimens for rivet b bars” which have been cold drawn, shall be 


normalized before testing. 
(a) —One tension and one bend test shall be made from each melt; ; except — 
that if material from one melt differs 2 in. or more .in thickness, one tension 
and one bend test shall both the thickest and the ‘thinnest 


it may be discarded and another specimen substituted. 

(c) —If the percentage of elongation of any tension-test specimen is less 
than that specified in Article 706(a), and any part of the fracture is more | 
than 3 in. from the center of the gauge length of a 2-in. specimen, or is out- 

side the middle third of the gauge length of an 8-in. specimen, as indicated — 

by seribe scratches: marked on the specimen: before testing, a re-test ‘shall be 
—Permissible Variations in Weight and Thickness 


—The cross-section or weight ‘of each piece of steel shall not vary 


more than 2.5% from that specified, except in the case of sheared plates which 


ae ‘The gauge length, parallel portions, and fillets shall be as shown in Fig. 6, but the — = i 
may be of any form which will fit the e holders of the testi —<o a. 
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SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES 

ghall be ‘covered by the following, variations cu. in. rolled 

ch lot* 


in shall not vary from the weight more the amount 


TABLE 2. —PERMISSIBLE VarIATIONS or PLatEs ORDERED TO 


PERMISSIBLE VARIATIONS IN AVERAGE WEIGHTS PER SQuARE Foor 
it. vor EXPRESSED IN 
ul OF ORDERED WEIGHTS: ‘ 
Ordered weight, 2 to 96 to | 108to | 120 182in., 
square foot. ¥ excl. excl. | excl. 


“24 


on 


oor or 


W DW WW cocew coc 
a 


co coce coce 


The weight per square foot of individual plates shall not vary from 
by more than one and one-third times the amount given in Table 2, ~~ 


to thickness: The thickness of each } plate shall not vary 
than 0.01 in. less than that ordered. TES 
the ‘The overweight of each lot} in each shipment shall n not ‘inet the amount 


ae 
oe o: 712—The finished material shall be ‘free from injurious defects and shall 


2 Tos Anes; 4 Merkin Ps ast ao fine 


ae be 718. —The name or brand of the manufacturer and the melt Sauter shall 
= be legibly stamped or rolled on all finished material, except that rivet and 
— lattice- bars and ‘other ‘small sections, when loaded for shipment, shall be § 
properly separated and marked for identification. The identification marks | 
if _ shall be legibly stamped on the end of each pin and roller. The melt number 
ae shall be legibly marked, by stamping if practicable, on each test — _ 
714.—Inspection.— 
B. free entry, at all times while work on the tie wont of the purchaser is fort 
: a performed, to all parts of the manufacturer’s works which concern the manu- 
facture of the material ordered. The manufacturer shall afford the Inspector, 


Me xt  '* The term “lot” applied to Table 2 means all the plates of each group width and om = 
term “lot” 
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= 


tree of ca in accordance with these All tests” privates cliec 
analyses) and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be conducted so as not’ 


interfere unnecessarily with the operation of the works, 


TABLE 3. PERMISSIBLE OverweIcHTs OF ORDERED TO 


48 to | 60 to 710 | 96 to 108 to 120 to 182 in. 
60 in., | 72in., | 84 in., in., | 108in., -»|182in.,} or 
excl. | excl. excl. : excl. over. 


> 


pei 


COR 


COR ROTANT SO 


ati poliagr 


(a) —Unless | otherwise specified, any rejection based on tests aoa 
accordance with Article shall within five from 


the receipt of samples. 


at the manufacturer's works will be and the manufacturer shall be 


716.—Rehearing. —Samples in accordance with Article 705, which 
represent rejected material, shall be preserved for two weeks from the ‘date - : 
the test report. In case of dissatisfaction with the results of the tests, the 
manuf ke cl he hi 


These specifications conform to the Standard Specifications for ‘Structural | 
Nickel 1 Steel of the American Society. for Testing Materials, 
fs 801 —Process.—The steel shall be made by the open-hearth process. _ 

802 —Discard.— — sufficient discard shall be made from ingot 
intended for -eye-bars to secure freedom, from injurious piping and undue 


ry 


803.— 


requirements as to composition: 


not over 


under 3. 25% 
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4 
804.—Ladle ses—An ¢ analysis of each melt of. shall be made by 
‘the manufacturer to determine the percentages of the elements. specified in 


af _ Article 803. This analysis shall be made from a test ingot taken during the 


pouring of the melt. The chemical composition thus determined shall bef 


‘reported to the purchaser or his representative and ‘shall ll conform to ‘the 
-- 805.—Check Analyses—Analyses may be made by the purchaser from fin- 
fied material representing each melt . The chemical composition t thus deter- 
mined shall conform to the requirements ‘specified i in Article 803. 


—Physical Properties and ‘ee: .- 


(a) —The material shall to the as 

— 


ons sidered. Rivet s steel. rollers, and plus} 


square inch 000-80 000 85 000-100 000. 90 000-105 000 
Yield point, minimum, in ty: 4 
pounds per square inch 000. 50 000 
Elongation in 8 in., minimum, 
percentage Tensile strength 
Elongation in 2 in.,minimum,); ~~ ~ 
Reduction of area, SOT ‘ols vit cA 


> 
re Tests of annealed specimens of eye -bar flats shall be made for information Ris 


ned by of, the of the 


0 
hove more than 1 in. in a percentage of elon- 


es specified in Article 806(a), of 0.25% shall be made for each increas 
of sz in. of the specified thickness above 1 in. . to a minimum of 14 per cett. 


808.- —Character of Fracture-—All broken tension-test specimens shall 


either a silky or a very gr of and free from 


aterial in. or in a ‘pin diameter of f which. is 


ness, around a pin the diameter of which is equal to to twice the thickness i 


rs. ait, —The test specimen for pins and rollers shall bend cold through 180 


= around: a pin 1 in, in diameter, without cracking on the outside 9 the bet! 


= —The test ‘specimen. steel shall bend cold throug 

—Drift: -Tests—Punched rivet holes pitched from § 
planed edge shall stand — until the diameter. is enlarged 50%, withou 


_ to the thickness of the specimen; and for material more than # in. in thick 


the specimen. ot arpotpoo, ade pote: 


= 


| 
prop- 
— 
y 
= 
— 
a 
‘ 
a 
i 


(a) —Test specimens shall foi tenting’ ‘the ‘material in its 


ing the tolled or forged condition, except when it is specified to be annealed, in which 
hall bef ©ase, the test specimens shall be prepared from the material as s annealed for 
or from a short length of a full section similarly treated. 
a (b).—Test specimens shall be taken longitudinally and, except as specified © 
om fn i2 Paragraphs (d), (e), and (f), shall be of the full thickness. or diameter of . 


(c).—Test specimens for) plates, | shapes, and flats. may ‘be to the 
_ form and dimensions shown in Fig. 5, or with both edges parallel; except | 


ae bend- test specimens for eye-bar flats may have three rolled sides. 


le ~ (d) _—Tension- test specimens for plates and eye-bar flats more than 14 in. 

in and bend-test specimens for plates more than 13 in. in thickness, 

le prop- . may be machined to a thickness or diameter of at least ? in, for a length of at 

At  (e).—Test specimens for bars more than 13 in. in ‘thickness or diameter 

ey _may be machined to a thickness or diameter of at least 2 in. for a length of _ 
a ity least 9 in.; or tension-test specimens may conform to the dimensions shown _ 

-bar flats 4 in Fig. 6, in which case, the ends shall be of a form to fit the holders of the © : 
testing machine in such a way that the load shall be axial. Bend- -test speci- 
_ (f).—Tension-test specimens for pins and rollers shall ‘conform to 
00-105 0 ee oaline, shown in Fig. 6. In this case, the ends shall be of a form to fit " 
— the holders of the testing machine in such a way that the load shall be axial, 7 
Bend- test specimens shall be 1 in. by in. in section. 20 


-(g).—The tension- test specimen shown in Fig. 6 and lin by 
-bend-test specimen for pins and rollers shall be taken so that the axis is 1 
in. from the surface; and for other bars more than 13 in. in thickness or 


—The machined sides of rectangular bend-test specimens may have the 4 
corners rounded to a radius of not more than in. 
~~ (é).—Test specimens for rivet bars which have been noid drawn , shall be 

1m of the normalized before testing. 


rannealed —One tension and one hand test shall be made from each except 
e of elon - that if material from one melt differs § in. or more in thickness, one tension ff 
1 increas and « one bend test shall be made from both the thickest and ‘the thinnest : 

shall (b).—If any test specimen shows defective machining or develops flaws, 

free frot it may be discarded and another specimen substituted. 
(c).—If the percentage of elongation of any tension- test specimen ‘is 
that specified in Article 806(a) and any part of the fracture is ‘more 
ld throw than # in. from the center of the gauge length of a 2-in. specimen, or is out- = 
lows: Ful side the middle third of the gauge length of : an 8-in. specimen, as indicated by _ 
+h is quill  seribe scratches marked on the specimen before re-test 
IV.—Permissible Variations in Weight and Thickness 
rough 180" 818.—The cross-section or weight of each piece of at shall vary more 
f the bet! than 2.5% from that specified; except in the case of sheared plates, which | 7 
shall be covered by the following permissible variations (1 eu. “in. of rolled 
180°, fat sted is assumed to weigh 0.2833 Ib.) : =. . to noiogh 


4 _ (a) —When_ ordered to weight per square foot: The weight of each lot® — 
ib each shipment shall not vary from the weight ordered more than the 


ala. oft tla 
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ee ee. The term “lot” applied to Table 2 means all the plates of each group width and group weight. as . 


(b).— When to thickness: The e thickness” of plate ‘shall not 


vary more than 0.01 in. under that ordered. Torte 


_ The overweight of each lot* in each shipment shall not exceed the amount - 


4293., 


«B14. —The finished shall be ‘free from defects and shall 


‘816 —tThe name or brand of the manufacturer and the melt ussunben' shall 
be legibly stamped or rolled on all finished material, except that rivet and 

lattice-bars and other small sections, when loaded for shipment, shall be prop- 
erly separated and marked for identification. The identification marks oa 

be legibly stamped on the end of each pin and roller. The melt maa shall be 
egibly marked, by stamping if practicable, on each test specimen. 


816.— —Inspection.—The Inspector representing the purchaser shall have 


. free entry, at all times while work on the contract of the purchaser is being © 
performed, to all parts of the manufacturer’s works which concern the manu- 

facture of the material ordered. The manufacturer shall afford the Inspector, 
free of cost, all reasonable facilities to satisfy him that the material is being | 
¢ furnished in accordance with these specifications. All tests (except check 


analyses) and inspection shall be made at the place of mantfacture prior to 


‘interfere with the ‘operation of the works. 


(a) —Unless otherwise specified, any rejection based on tests made i in ac- 


cordance with Article 805 shall be reported within five working days from the 


(b).—Material which shows i injurious us defects subsequent. to its acceptance 


the manufacturer’ works will be rejected, and the shall be 


818.— -Rehearing—Samples tested in accordance with Article 805, which 


4 represent rejected material, shall be preserved for two weeks from the date of 
the test report. In case of dissatisfaction with the results of the tests, the 
‘manufacturer may make claim for a rehearing within that time. 


be VII. —Full- Size Tests aif. 20 baiitt pibhice 


Tensile in pounds per + 


 (b).—The yield point shall be ‘the’ halt of the Bauge of the 


a * The term “lot” applied to Table 3 ‘means all the | plates of "each group width and “grou? 
thickness, dene 30 ant iq Us alduT of “sol 
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- PROPOSED LOADING FOR HIGHWAY BRIDGES | 


Mussrs. N. B. Garver anp Haroup D. Hussevt 


N. B. Garver,t Assoc. M. Am. Soc. C. E. (by letter).§—This ‘paper brings ~ 
: > oat clearly the ; fact that most highway bridge specifications are not consistent in 


shall the matter 0 of loads f for f floors and trusses, For s some time, it has been the writer’s 


‘practice to design short span trusses for stresses produced by -eoncentrated 
prop- truck loads, rather than by the usual uniform load. fs 


‘There are several distinct advantages to be gained by the adoption of a 


standard loading. 7 At present, there is no uniformity in 1 specifications or practice ; 
regarding the load concentrations on the front and rear axles of trucks. — ~The- 


actual concentrations « on axles of ¥ various makes of trucks differ widely, but it 


vould seem that a typical loading could be agreed on, that would be reasonable 
and safe for the various classes of bridges. _ The author’s assumption that three- 7 
fourths | of the load is | concentrated on. the rear axle, appears to be rational, but ; 


| the spacing between axles of 15 ft. seems excessive and 13 ft. would be : more 


Objection will probably be made to the ‘proposed loading, of ‘the 
diffeulty of its: application. This objection is of little importance, because 
most highway bridges are designed by men who have had special training in this" 


kind of work which is greatly facilitated by the use of tables and diagrams. 


Harotp D. ‘Hussey,|| Esq. (by letter).{—The writer has read with much 


interest the discussion 0 on his paper. Several of the points raised may profitably *= 


_ Messrs. Waddell** and Steinmantt ail confine a loading of this character _ 


to spans of less than 300 ft. in length, using a simple uniform load for longer 
bridges. mi In view of the small ‘effect of concentrations on trusses of more than 


300-ft. span, the stresses produced by the two kinds of loadings would be nearly 


Much discussion | centered about. the. width of 9 ft. for each lane of traffic, 

a proposed, some writers preferring 10 ft. ae: the Tentative Specifications 

for Steel Highway Bridges recently proposed by th the Asnerican Railway Engi- i, a 

‘heering Association and the Special Committee of the Society on Bridge 

Design and Construction, t+ stated that the clear width of roadway is to ng 


_ Discussion on the paper by Harold D. — Esq., continued from November, ates 
Proceedings. 


va Bridge Engr., Arkansas 4 Little Rock, “ark, ORF 

og Asst. Engr., American Bridge Co., New York, N. Y 
Received by the Secretary, January 22, 1924. TREES 
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Loc. cit., September, 1923, p. 1379. 
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in as the distance between curbs, whereas, the sabia distance between steel: 
work is to be 2 ft. greater in 1 the A. R. E. A. specifications, and preferably 1} ft 
_ greater in 1 the specifications proposed by the Special Committee of the Society, 
ie proposed width of 9 ft. is a clear operating width. © The clear ‘operating 
width ‘on the roadways in the two specifications referred. to, however, is more 


3 than t the distance betw een curbs. — Thus, | two lanes of traffic on an 18-ft. road. 


o 


would operate in aw idth of more than 9 ft. each. This fact is recognized 


. in ‘the A. R. E. A. specifications where it is stipulated that a bri ge with an 18-ft, 
_ roadway shall be assumed to carry two lanes of traffic, while at the same time aff 


width of 10 ft. for each lane is specified. 


Mr. Steinman recommends a change in tbe: proposed loadings for different 
classes of bridges, and suggests three substitute classes, ze 20, T-15 and T-10, 


at ‘respectively, i in place of the writer’s proposed T-20, T-17.5 , and T- 15 loadings, 


-. urther ‘study shows the desirability of a reclassification of loadings, and the 


fig For foreign bridges in -undev vel oped country loading 


ix 
ved ‘that. a 12.5 loading is the lightest, can safely be 
Class C bridges. he uniform n load following the > truck is 50 ‘Ab. per sq. ft, 


which, used in combination with the concentrations, is s considered proper for 


A T-10 loading would be desirable in the case of bridges: for export, of 


— which many are now designed for a floor load of a 6-ton wagon and a truss 


load of 60 to 80. Ib. per sq. ft. of floor. 
comparison of these classifications those of the ‘Tentative Spee- 
ifications pr reviously mentioned, is shown in Figs. 6,7 7, and 8. indicates 
close agreement be ‘tween the loadings proposed the Tentative Spee: 
— ifications submitted by the Special Committee of the Society and the T-load: 
we ings. The A. R. FE. loadings shown ‘to ‘be more severe than the 
other we for bridges of Class A and Class B, and ‘somewhat less severe for 

short- span bridges of Class Mr. de Charms* has shown that the T2 92.5 


loading agrees quite e closely with the A. R. E. A. 20- ton truck loading. 
suggestion of a new type of loading is given by Mr. Moore, namely, 


hue 


in 


f uniform load of 720 Ib. per lin. ft. with a concentrated load of 25 000 Ib. to be : 
placed at any point t. Ina a thorough discussion of the Joading feature of the | 


Te ntative Specifications for Steel Highway Bridge Superstructure ‘submitted 
we the Special Committee of the Society o on Bridge Design and Construction 


H. Shoemaker, M. Soe. | C. _E,, has ‘proposedt a similar loading of 600 


Tb. per lin. ft. with a concentrated loa ad of 26 000 Ib.; he shows by diagram 


and a | table that this loading gives results which agree closely with those | 
oy obtained from the loadings ¢ already discussed. Tn the application of this type 
of loading, actual trucks would be used i in the design of the floor system, , and 


Proceedings, Am. Soc. C. E., November, 1923, p. 1907. 
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VARIOUS SPECIFICATIONS 
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is believe t more comprehensive loading \ would 
produced by using the truck concentrations as a and d placing a uniform 
ve Spee- Toad front amis rear, as suggested by Mr. -Woodruff.* This would make for a 
ve Spec: 
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VARIOUS SPECIFICATIONS 
CLASS , T-12, 5 AND T-10 LOADINGS 


o 


ai 


Equivalent Uniform Load per Sa. Ft. 


~ 


A.S.C.E. Bridge » Lb. per Sq. Ft. 
__|proposed Class C Loading of loaded length 


BNE = 
Max. End Shear — 
A. R. E. A. T 10 Loading q Moment at quarter po 


~ 


for Line of Traffic 


i> 


100 ¢ 120. 140 160 180 200 220 240 260 280 


coincide with: ‘that shown Fig. 6 for ‘the old T- 20 loading. 


wise, the moment at the q -quarter- -point would follow the curve for 


‘spans up to 100 ft.; above this point, it would increase until it was 10% greater 
at the 300- “ft. than that shown for the old T-20 loading. | 


[120 1b. per lin. ft. 


—-—— 8 Panels @1 15=12% =129'—— 


Table 8, ‘the stresses in a _120- ft. truss he all loadings are given. In 
_——— with the loading of Fi ig. 9, the ‘old T-20 truck loading gives lower 


_ stresses in members at the center of the span; the . A. R. E. A. loading gives 
- _ greater stresses in all members, , except those with a short loaded length; the 


= 


Toadings submitted by the Special Committee of the Society and by 1 Mr 
Shoemaker give ‘stresses that are in close agreement with those from 


"proposed loading the Moore loading gives uniformly greater stresses 


‘The proposed loading would be equivalent t to one consisting of a 20- -ton 


truck ‘followed and preceded by lines of 15-ton ‘trucks: spaced with a - clearance 
| oft about 17 ft. This represents the e general conditions of heavy “highway 


- In summarizing the foregoing discussions, the writer would suggest the fol- 


“Highway Live Loads—The highway load for each line of traffic 


; shall consist of a typical truck followed by, or preceded by, or both followed | 


and preceded by a uniform load. It shall ‘be a the load shown in 


= 
— 
FEE 
— 
il 

—— 
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Fig. 10, and shall be assumed to occupy, a clearance width of 9 ft. Live loads 
shall be placed so as to produce the _ severe etal in parts of the struc- 
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TABLE 3 —SrresseEs IN 120-Fr. ‘Truss (Fic. FOR 


T-20 loading. 


= 


T-20 loadin 
loading. 


Percentage of 


Percentage of 
T-20 loading. 
Percentage of 
‘T-20 loading. 
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“For the purpose of the stresses by the 
the number of lines of traffic, K, assumed | as symmetrically spaced on a bridge 


ig giv roadway widths exceeding 36 ft. K= 


in which, W is the clear width. of roadway, i in n feet. 
Rg: “Selection of Live Loads. Live loads to be used on the different classes of — a 


_ Class B bridges. loading 


20- ton 
jearance bridges i in undeveloped country. .. -T-10 loading.” 
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[PROVED 


ED A. 


Corren, Esq.4 (by letter). §—Any practicable design by w which the 


ittresses of a multiple- -arch dam may be strengthened as columns and the 


“indeterminate strut now in general use eliminated, -is certainly worthy of 
se rious consideration. The design proposed by the author would undoubt- 
edly m mark an advance i in this s direction, and probably the e entire accomplish- 
ment of the object sought, but at the expense of considerable complication 
in n construction and increase in cost of the buttresses. . Evidently, ‘such ad di- 
tional cost would be | at least partly offset by the elimination of the struts. » Tt 
is suggested, however, that ; approximately the same results could be secured by 
using « deep - pilasters at proper | intervals, in which case the simplicity of con- 


straetion’ would be an advantage, and the final costs no greater, even _ if 


With regard to sliding on the foundation, other things being equal, there 


is no- Treason to ‘suppose that the e multiple-« -arch dam enjoys any advantage over 


grat gravity masonry section, particularly since it is evident that ‘the arch foot- 
> considered as anchorage against: horizontal thrust. 


this practice why would it not apply to multiple- -arch 
Friction coefficients being | based on smooth or : relatively smooth contact sur 


faces, ‘it ‘is evident | that a well keyed foundation | will develop ‘resistance to 


considerably excess of. that indicated by the appropriate friction 
: factor, and it would be entirely proper to take such increased resistance into, 
account, provided it could be expressed quantitatively. difficulty 


explain why heretofore “keyed” foundations have not been recognized. d a they 
ear: are to be evaluated now, the expression should be definite and Paine me a 


general sense, not merely as an attribute of the multiple-arch types 
In analyzing the buttresses for the magnitude ¢ and distribution of vertica al 
stress, , the author states that either the ~“free-body buttress” or the “monolith” f 
he: “method may be used, although he gives preference to ‘the latter. Re In | view v of 
oe the fact that these ae methods will give radically ‘different results, even to 


-exte nt in sign, it somewhat ‘difficult to reconcile 
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tress, bear little resemblance. _ Evidently, if either method i is even approximately 
correct, the other is decidedly wrong, and should not be toler: ated. The writer 

is an advocate of the “monolith” method, as representing a theory both safe - 
and approximately rational, whereas the -“free- -body buttress” exists only 
fancy, and the method, if in error, leads to results that are » not on the side of a 
safety. No amount of assumption change the fact that the arches are 
actually integral with the buttress and must function with ‘it t to the limit of “a 
their capacity—a condition evidently unfulfilled i in view of ‘the stress magni- 
tude and distribution corresponding general to this theory as applied to 
‘The only plausible argument which can be advanced against ‘the monolith 
theory is that, _ compared with buttress, the arches are so relativ ely 
flexible vertically, as to fail | to carry their ‘part of the vertical stress. Ie - 
is undeniable that a part of the arch i is relatively flexible, and th that if the appli- i 
cation of the monolith theory resulted in a . high indicated compression under 4 
the arch crown, there might properly be some question m as to the actual exist-— 
ence of ‘this stress, Fortunately, this is purely an academic question, 

much as the analysis of properly proportioned multiple- arch dam by 


this method will give such small reactions under the arch ring that there “a f 


little doubt as to its ability to absorb them without appreciable deformation ; a 
on the other hand, if the dam is 


springing line; consequently, the “reaction under arch: and buttress 

must be ‘approximately. equal at points’ near their junction. Between 

crown and the springing line, therefore, the arch” must absorb an increas- <= 


ingly greater reaction ‘per unit of area, which even under the least. favor abe a 
conditions would approximate the results derived under the monolith theory. 
y, it is is not. to be expected that it 
Ades 
will fit exactly the actual conditions of “stress, any more than that it : should 
‘fit exactly those in any ‘other of the numerous structures to which it is 
applied without a question. . In case an analysis by this method indicates ten-— ied 
sion’ under the arch at the e foundation, it is evident that the a: argument for arch ae 
flexibility ‘is entirely void, there being no opportunity for it to > accept stress, — 
but that the tendency at least must be for it to take the indicated tension. 
white 
Considering an adequately proportioned multiple- arch dam, of what might 
bet andard” | 
ermed “standard” design, it is probable that the structure would p: prove as” rs 


‘Teasonably safe if analyzed by either of foregoing but 
will sca 


load. be no ‘deflection of the the at 


ever, to a arch although 


limits « on the e down- stream side, the latter may indicate up-stream tension and — Za 


{ "30 


increased down- -stream compression, as shown by an example cited later. 
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DISCUSSION ON ‘TYPE OF MULTIPLE-ARCH pams | ‘[Papers, 
view of the pr primary importance of thes differences, it is scarcely : appropriat 

to adopt an 2 en 
matter has been’ ‘discussed: at considerable length by the writer, in tech 
“iy The author’s conclusions regarding eombined with compression is 
a well taken in the cases discussed, «It is obvious that the effect of the com 

“pression is to increase the shearing resistance. How to evaluate this increas 
; is the difficulty. _ The 1 writer does not believe it is correct to consider that the 
shear and fi friction act simultaneously, but it is quite possible that the latter may 
, be taken as as. a measure of the increase of the former. Lacking the test data 
a Ps _ that are urgently needed, it would appear reasonable to affirm that the - shear 
Ea sn ing resistance cannot be less s than the allowable frictional resistance on the same 
plane. It is evident that ordinary allowable ‘shearing values do not contr 


in the lower parts of the buttresses, at least, or there would probably bea 
number of failures: to the discredit of this type of dada, of? 
writer must here take exception ‘to Mr. Noetzli’s implication | that 
_ because the shear in the buttress is combined with | h compression, ‘it may be dis- 
—_ - regarded. i Having fixed the allowable shearing stress at any section, on some 


a rational grounds depending o on a the e combined « compression, it still r remains s to be 


usual proportions, and taking the ‘frictional resistance on any as the 
£. measure of the allowable s shearing | stress, it is probable that the latter wil 
oe, not be greatly exceeded, if at all. In the case of one dam design, however, of 
: which the writer has personal knowledge, the net shear on an unreinforced but- 
, “tress” was 145 Ib. per sq. in. , after deducting 15% of the vertical load on the 
A as friction. Would ‘Mr. ‘Noetzli recommend such design? 
The s author’ ’s st statement. concerning ig tension in the buttresses is of interest. 
4 On the basis | of the theory of principal stresses, it would appear that it is 
¢ quite possible to have tensile stresses of considerable ‘magnitude i in the but | 
‘The behavior of one dam, ‘in | particular, has given strong evident 
3 ¥ this, ‘and another dam analyzed s some time ago by the writer showed maxi 


- mum inclined tensile si stresses in the plain concrete of the buttress of approxi 


- mately 200° Ib. per sq. in. it would seem rather necessary to consider this 


Again, the “factor of safety” a dam is important. Thi 


even the worst type developed to date should fail by over- -turning is incon- 

oe _ ceivable; it is doubtful whether its over-topping to any degree would partic 
ar ularly, affect : its stability regarding rotation. In the case of a dam of the 
Ambursen. type, ‘it. may be readily demonstrated that the structure actually 
= becomes ‘more stable when subjected t to considerable over-topping than it it 
for the designed water level, and the same is probably true for a dam of 

-— the multiple-arch type. Ifa multiple- arch dam fails, it will do so either because 
ia of sliding, crushing of the foundation, or over- stressing of the structural mem 
a stat composing it. If safely designed for its normal loads, there is little 


_ editor of Engineering News- Record, which appeared in the issues 

= ot. Ape-is and July 13, 1922, The replies of Mr. Noetzli and L. H. Nishkian, Assoc. t 
Pd Am. Soc. C. E., to the first of these letters appeared in the same publication under date 0 
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Papers. } DISCUSSION ON IMPROVED TYPE OF MU LTIPLE-ARCH DAMS 
- possibility of its failure due to either of the first two ‘causes, as indicated pre pre- 
viously. Also, if the arches are safely designed for the normal load, the chance 
of their failure i in the lower « elevations of the dam is virtually eliminated, due 
“to the fact ‘that the w worst overload possible e would only increase the stress in 
“these members by a small "percentage of that anticipated in the design. 
"appears, _therefore, that a dam of this type which | is safely designed for its 


normal load, can collapse under overload only through the primary failure 
shat the of the upper arch elements or of some part of the buttress. It is evident that — 


ter may Rigid & heavily reinforced 00! 
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rch- 


AND STRESS DIAGRAM” 
ers =Weizht of counterfort elements, 30 ft-high- as indicated 
etc.= Horizontal component of water preseure at 32, 12, ti fi ater 
i] loads and forces in tons, all in feet & decimals ; 
Ss pressure diagrams as shown are based upon the aesumption that the i STRESS DIAG RAM 
artic- carries the total, resultant of al) the forces and weights acting CAVE CREEK DAM, 


an it ie meaning the ‘ factor r of safety” “must be based on a number of | con-— 


of “tiderations which will vary in their importance with each individnal struc- 
= 


because “ture, re, Both th the normal and extreme loads on a multiple-arch dam being « capable | ha 
-al me is ofc computation within close limits, also, the corresponding stresses, the struc- + 
is little ture is situated much more favorably in this. respect. than almost any other 


{gineering work. Therefore, eliminating the “factor of ignorance” by proper 
and construction, it would seem to follow 


could ‘Properly be reduoed ¢ to a low 
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ION ON ON I IMPROVED TYPE, OF -ARCH DAMS a 


on In ondiée: to ‘illustrate several of the brought ou ssio. 
particularly regarding generalizations which may be and 


incorrect in particular instances, the writer presents a stress diagram (Fig. 29) 


pertaining to the design for the Cave Creek Dam, near Phenix, Ariz., and 
also some tabulated data (Table. 3) in ‘the s same connection. The stress. dia 


gram and computations were made by the writer, then Assistant Engineer 
_ with the City of Phenix. The design v was made e by Mr. John 8. Eastwood, 
‘under whose direction the dam was subsequently constructed, the plans. having 
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*In this table the unbalanced horizontal thrust, is the gross thrust minus frictional 
resistance based on a friction coefficient of 0:60 sign \ the 


_ Average on the buttress” section. 


oughly in s opinion ‘that his new ty buttresses for 
arch is a On the build, a: he 


usual type of str catted buttress has given satisfaction. new 
4 ; type certainly looks better, as the, frail appearance of the relatively light struts 
and buttresses in the usual type gives to ‘the: layman a sense of insecurity. 


The author’s equation, f,= = —f(1 + for calculating the maximum 


= stresses in the e buttresses, does 1 not apply i in all cases, If the down- stre am face 

ia of the buttress is vertical, Bi is: zeTO, and the equation shows that the maximum 


stres$ is equal to the vertical compressive stress. This is is not the 
a In Fig. 30, the base i is shown as a series of notehes excavated perpendicular 


F 


direction of the resultant, The resultant, R, is actually : sup 


The vertical compressive stresses are computed from the vertical component 

of R, which is ‘a lesser force, and from the actual base, L, which is a larger 
: area; “consequently, even. with a vertical down-stream face, the vertical 
pressive stresses are not the maximum stresses in the masonry. ee ea - 


* Viee-Pres., and Chf. Enegr., York Utilities, Inc., and the, Power ‘ Corpo 
ration of New York, Watertown, N. Y. 
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= The vaseline s equation, which was developed by Cain from Enger’s 
is not generally applicable, because the whole argument is based solely ona 


triangular dam, with a vertical | up-stream face, having a water- line level with 


‘the top. i The author has found that the theory will not apply to any other shape 
of dam or loading; and that, for cases where the angle, 6, of the resultant, R, = 
is greater than $, the angle of the down-stream face 1 with the vertical, _ then f, a3 


CA, 


4 


to att Bits isin 4d adi od 
will give results. that are too low. ti is, indeed, rational to assume that, ‘Yor all 
’ values of 0 greater than ¢, the ‘theory of Bouvier* sae apply more closely. a 


este 
This theory gives as the value of ‘the inclined stress, = f see 6. 


_ Both eq equations are re probably inaccurate, due to a lack of knowledge regard- ‘ 


ing the ac actual deformations of the masonry and the foundations under load; an 


‘ample margin of safety, therefore, ‘should be provided. 


 Frep A. Assoc. M. Am. Soo. C. E. (by letter). $—The generous 
reception given his and the expressions of appreciation. are most 
eratifyi ing to the writer. 


of hydraulic engineers to keep step in dam design with the great advances 
made i in other branches of ‘engineering. 


was particularly pleasing to note numerous additional investiga- 


tions which were made by various: members, tending to augment and complete - 
the paper. "Progress i in such an important subject i is best accomplished by the a 


0-operative efforts of many, and the writer " appreciates greatly the valuable 


of designing stresses to ‘satisfy. any y reasonable demand for fastens. of safety, 


and still is “expensive than. the old gravity type. regulations of the 


‘Ttalian Government. -eall for a factor of safety of concrete, whisk ie 


*Calculs de Resistance des en ‘Magorinerie, Annales des Ponts et 
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believed to be extremely high, particularly i in view of the factor of safety ? 

for a gravity dam. Nevertheless, it was estimated that the con- 
struction of the 240-ft. Tirso’ Multiple-Arch Dam * effec ected a saving of about 
a 000 000 lire > (approximately | $1 000 000) over the cost of a gravity dam. a. Tt 
ara \ a During recent years, a number of f investigations relative to the design 2 of 
“3 arch and multiple-arch dams have been published by the Society, ‘and in vari- 
‘European countries. There seems to be a fair agreement among engineers 
vi as to how the : stresses in -multiple-arch dams ams should be calculated. 3 There i e is also 
sufficient precedent to demonstrate the safety and economy of this type. The 
- Mir Alam Dam, in India, was built about 120 years ago; during the saat two 
4 decades more than a a score of multiple-arch dams have been built i in the United 
States, and a almost as many in various foreign « countries. 
aoa _ Granted, therefore, that the theory and the assumptions | on which it is 
4 are known ¥ within fairly close limits, ‘it would appear that ‘improvements 


in 1 construction ‘methods and plant layouts will probably offer the best. opporti- 


‘Cochrane 8§ interesting and instructive. The dam 
shown on Figs. 13 and 14 is admirably suited to the conditions for which it was 


both from the structural and the architectural points of view. 
_ design involves a number of novel features; for instance, the wall at the top 


of the arch barrel, at Tight 2 angles to the axis of the arch, seems to provide an 


a and safe crest. ‘This wall also stiffens the ‘arch barrel at the top 


os eliminates many of the uncertainties involved in the design of the upper- 


i 


- The question of combined cantilever and pe action at the 
of the barrels will be investigated by the Committee on Arch Dam 


in connection 2 with experiments on a a full- sized | test dam. Iti is 
Le believe 


at the base. ay concrete course, is capable 2 of 
much larger deflections, elastically, than one of plain. ‘conerete, writer 


arch dams, the eidpinenilies at the base 1 may ‘not be of ¢ any ‘particular cr, 
as the deflection of the arches under full water pressure is less than 0.1 in. _ 
os With reference to spillways in connection with multiple- arch dams, the 


; writer is in full accord with Mr. Cochrane’ s remarks on this ‘subject. One 
pe of the first multiple-arch dams built in Italy was an overflow dam about 70 ft. 


in height. The flood waters drop over the arches into stilling pools between 


the buttresses, thus destroying their force harmlessly. dam was designed 
and built by the Italian engineer, G. Ganassini.|| It was completed i in 1920 and 


pee * Engineering News-Record, May 10, 1923. | - 
Proceedings, Am. Soc. C. E., January, 1924, p. 58. 


§ Loc. cit., October, 1923, p. 1768. 
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desire to increase the ‘safety. of such dams, and to eliminate the uncertainty 
involved in the use of horizontal braces. ‘The superiority as regards safety | 


piscussion. ON ON IMPROVED TYPE OF MULTIPLE-ARCH DAMS 

tues 1 don or in successful operation since then. In many cases, it will be feasible ff 

to provide : spillways over the low arches at the v wings of multiple- arch dams. 

about Siphons or gates es may be be used to advantage in connection with such a type of 

ign of Jakobsen* and Mr. Cottent seem to think that the double- wall but- 

vari tress involves rather expensive ‘construction. The -writer’s reason for pro- 

posing this type of buttress for high was suggested primarily by the 

the double-wall buttress over the ordinary buttress braced by horizontal 

struts or counterforts | has been emphasized by several members who have taken | 

it “part in n the 2 discussion, and i in the writer’ opinion the safety 


ma would even have justified some additional expense if necessary. _ However, it is 


ina a “most fortunate that a double-wall buttress is not only much s: afer than an ordi- a 
of thas buttress, but, considering a dam as ‘a whole, that it is. also more eco- 
-nomical, particularly for I dams. ‘The e elimination of the horizontal struts 
7 ae effects a great saving especially i in the case of long- span arches. ‘Furthermore, ; 
as pointed out by Mr. Cochrane, with such do ouble-wall piers, “there will be 
. fewer arches ash fewer piers” for a given length | of | dam, on account: of the 
v. The hollow v space between the buttress walls and the consequent greater spacing 7 
Harza advances" an additional important argument in to the 
ae question of economy of the double-wall buttress type. He states: : 
upper 4 “Hollow spaces and interior surfaces of buttresses are much more 
— ‘constructed than lateral ribs or other irregularities on the exterior surfaces, — aS 
. design ® Internal cavities can be formed with the roughest and cheapest of lumber left 
a in place, if desirable; whereas, external irregularities, such as ribs, would : 
1 at the ‘Tequire relatively expensive form work and careful surface treatment, in addi- 


ch Dam = to being weaker structurally against lateral deflection than the H- “section — 


barre Thus, lumber which h has served its purpose for exterior surfaces, ‘ould id 
ocess of TP be used ultimately for the interior - surfaces and ‘eventuall be left in place “a 
e writer Finally, for which the curvature of the intrados 
nultiple to be uniform from top to bottom of the dam, the double-wall type of buttress 
equence, is the only one which is economical. Incidentally, the up-stream part of such ia 
Ain. a dam may be built of alternating arches and slabs, the arches spanning 
between the individual buttress piers, and the slabs forming the up- stream 
closure between the two walls of each pier. Such an ‘arrangement involves 
ut 70 ft. many desirable features, particularly from the standpoint of design. In view ies 
between of the present state of knowledge, it would appear, therefore, to be not t only the : 
designed safest, but also the most economical type. Ane estimate of quantities. and costs 
1920 oie made, for instance, in the manner described by Mr. ‘Wallert will easily prove 


Am. Soc. C. . ., October, 1923, p. 1767. 
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> DISCUSSION ON IMPROVED TYPE OF M MULTIPLE-ARCH D: AMS _ 


oh In oe to Mr. Jakobsen’s query as to the danger of buckling of the ordi-— 

nary § solid buttress with counterforts, the Spommeating wishes to. refer particularly 

o the discussions by Professor Cain* and ‘Messrs. Cochrane and Harza. rm For 


instance, Mr. writes es with 1 reg: ard to the -double- -wall buttress type: 


is undoubtedly the most ‘stable. form, of buttress: for a given quantity 


writer is grateful to Professor Cain his encouraging approval 
the double-wall buttress type. . His investigation | of the statical conditions of 


the ar arch barrel. is valuable both from the theoretical and the practical points. 


a view. . Professor Cain « analyzes the stresses in elementary horizontal arches, 


and compares the results with the calculations: with reference to the ele 


mentary normal arches. The writer agrees with Professor Cain that the 


Boral section, method is preferable, as it is the most logical. ‘This i is also evi- | 


dent if one considers an arch barrel having a flat. slope, ‘say, 30° or less, with | 


es: horizontal, s such as that mentioned b by M. ‘Parsons,t i in which case the J 

mentary horizontal arches would require quite a peculiar shape j in order to con- 


| 


et From r recent studies made on this subject, the writer is inclined t to believe 


oT that. the actual transmission of loads in the arch barrel of multiple- arch dams 


~ takes - place ‘mainly through the combined action of elementary normal, hori- 


zontal, and vertical arches. — The mathematical analysis of this problem would : 


es extremely complicated and hardly worth the effort, because the normal- 


section: method furnishes fairly reliable results, ‘and also leans on the side of 


buttress. Three arches are one in a horizon 


one one in a “normal, and one in a vertical Plane. The water pressure, d W, 


acting on the canter’ element, dA, is evidently not supported by the sii 
arch, alone, nor by the | horizontal or vertical arches. alone, but by 
combination of all . Assume, for instance, that the normal arch carries 


. Accordingly, i it would be deflected for a certain amount. 4 
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arly. to the and vertical arches, both these 
deflect at identical points for exactly the same amounts as the nor- 
‘mal arch. Ad deflection under load must be due to : a certain pressure, and cor- 


kee responding stresses in all three arches must be approximately i in proportion to 


equal, ‘their relative stiffness, and more exactly accor rding to the law of Nature which 

makes. the total work performed a a minimum. It is of importance to note that 

Pt these three systems stress the concrete of the. arch barrel in three different — 

val tions, which is an gaditional and very desirable feature. 

r% In the writer’s formulas for stresses i in the arch barrel of multiple- arch dams, 

sid the elementary normal arches were assumed to support the entire water pressur eS 

le ‘It would appear, therefore, that those calculations: are much on the of 

‘safety, and. that the actual stresses: are considerably lower. This should give 

s0 evi additional: confidence in the safety of the ar arches: of : ‘multiple-arch dams; i in 

. with fact, it would not be possible to crush the elementary normal arches without 

he ele destroying at the same time the elementary horizontal and vertical arches. a 

to ‘con would be difficult, therefore, to imagine any possible condition of over- loading. 
; the arches of a multiple- arch dam to the breaking point, ; and the question of _ 

saul what would happen to the adjacent buttresses: in case of failure of one arch 

h dams i seems to be practically eliminated in well designed and well founded structures. 

1, ae - In the writer’s design of the Horseshoe Dam, and of a number of other similar 

‘ would _ structures, the arch barrels are « of such shape that the horizontal and vertical | 

normal- elementary arches at re almost semi-circular in form. The thrust exerted is, 

pide of _ therefore, practically parallel to the buttress penser ie this adds safety 


and the e Parsons properiy attention to: an of the multiple- arch 
horizon: ne of dam in that it | provides any | desired factor of ‘safety against ‘sliding, — 

e, d W, simply by ‘making the up- -stream slope sufficiently flat. In this manner, the 
weight of the water augments the weight of the concrete, , and the sliding factor 
may be made at li little expense even smaller than for a ‘gravity dam. Concrete 
expensive material for furnishing weight, and if, for multiple- arch dams, 
the water in the reservoir can made to the: stability of the 


structure, th there should be little argument as to its economy ) wb 

ae In case of a | yielding foundation, careful consideration must be given to the 

proper distribution of foundation pressures, i in order to avoid uneven settle 

‘ment of the buttresses. Fortunately, the multiple-arch type of dam with 


mult arch dam with 
-double- -wall buttresses i is well suited for such a purpose. The two walls of each © 
buttress p pier rest on a substantial foundation slab which w may be lengthened or 
widened as required to reduce the pressure on the foundation material to. a 
low value. If ‘the buttresses are ‘made sufficiently long, the resultant ¢ of the 


Toads will intersect t the base near its center, and the soil pressure w e nea! 


ill be nearly 


e normal 
but bya 
h carrie 
at . Tnas “lor 


essure affects adjacent buttresses simultaneously, and more or. 
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evenly, the buttresses would evidently also. tend to settle so that the 


Mr. Gourley’s -description* of the > multiple- Gina for the Great Lake 
development i in Tasmania is of particular interest for | the following reasons: ft 
dam supersedes a, gravity dam, which fact indicates: ‘that the 


mgineers s of the project clearly recognized the advantages of the multiple arch | 


the gravity type of dam, 


surface ‘and only 40 it. 


3.—The storage of 1 150 000. acre- eft. is greater than for any other multiple. 


fe 4. —The arches are inclined at an angle of 60° with the @ horizontal." This is 
consider ably steeper than is customary i in the United as er 


oe Mr. Gourley generously endorses the writer’ 3 claim for the superiority of the 


-double-y wall buttress: type, and ‘points out, the 


a sized ‘multiple- -arch test. dam. ‘Particular ¢ attention will be given in these ‘tests 
f Ee ) the shearing : resistance of t the buttresses (ideal n maximum stresses) and to the 


cantilever action at the base. of the arch barrels. 


Mr. Fishert ‘presents an interesting analysis of the distribution of the 
_ stresses in a buttress. — _ The stress diagrams on Fig. 28 show clearly that even 
ith the 1 reservoir full to the crest of the dam, the stresses in the larger part | of 


the buttresses are comparatively low. 5 This would suggest. the possibility 


aa using a leaner mixture of concrete, 0 or thinner buttress walls, for those pa parts of 
i. — buttress in which the stresses never reach a value of, say, 300 Ib. p 


ess e stresses ne reach a per sq. in. 
> 7 _ On the ot! other hand, at small additional cost, a richer mixture | of concrete could 


used toward the down-s stream side of the buttresses where the stresses are 
more than, : say, 400 lb. per sq. j in. inal similar procedure has been . proposed for the 
* So - Boulder Canyon Dam for which, on account of the height of more than 7 700 ft, 
a maximum pressures would probably be between 500 and 600 Ib. per sq. in. 


~9b; Mr. Fisher’s reference to - the Bear Valley Multiple- Arch Dam, a ¢ a structure 
which, , although built about 14 years: ago, does not show any signs of spalling, 
‘doa prove that good concrete will not deteriorate even in thin arches (9 in. 
= the crest) and at the high altitude of 6 500 a In the writer’s design of the 


orse e Dam, the arches are 18 in. thick at the crest and about 6 ft. thick at 


— 200- ft. depth. In addition, the arches will be protected by a layer of gunite, 
fae material is s known to be almost i impervious even under a head of many 
hundred feet of water. Consequently, no deterioration of the concrete 3 


a * Proceedings, Am. Soc. C. E., December, 1923, p. 2067. Mh uk 


cit., January, 1924, p. 60. 
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Mr. Schorer’ investigation of the change i in the maximum stresses 


vould ‘result from altering the down-stream slope of the buttresses, and his 


‘estimate of the quantity of additional concrete necessary to produce the désired — 


result, is instructive. - His findings, that by adding 4.5% to the original yard: — 


age of a a buttress, ‘the maximum stresses are decreased by : about 10%, indicates — 
that | any y reasonable increase ‘of. = factor of ee may y be. obtained at little 


mixture of ‘concrete ‘for the buttresses, and’ decrease the unit by 


_ Mr. Waller gives a convenient method for estimating the quantities of a 
multiple arch dam at any given site. By its use, the determination of the 
economical height of such a dam ianion possible by estimating the costs of 
dams for various ‘heights, and finding | the cost per acre-foot of reservoi 
capacity w which corresponds to each assumed height. _ Other conditions remain- 
ing the same, the most economical height of dam would evidently correspond — 


to the lowest « cost per acre-foot of reservoir capacity. 
Beantield raises some important questions, | He states that, 
order to the full « economic benefit the improvements in in 
multiple- arch dam design, the possibilities of using large size aggregate in the 
concrete should be studied ; ;” and, further, that “an. efficient plant layout is ia 


another vital Rrewvarrds in the economical construction of a multiple-arch dam.” 


Any ; 
The arguments in favor of usi ing large ‘size aggregate, are ‘presented 


clearly by Mr. Beanfield, profiting by his experience on the Don Pedro Dam, 

that further comment would seem to be superfluous. = 
The. economy ‘involved in the use of large size aggregate, and the greater 
shearing and frictional resistance values of the concrete, are features which 
deserve most careful consideration in| future construction. An efficient plant 


ape, as advocated | by Mr. . Beanfield, as + well as standardized form work, will 


The writer is grateful to Mr. ‘Harza forceful and. convincing 
presentation of the advantages of multiple- -arch | dams in | general and of the 


buttress. type: in particular. Mr. Harza states that, {to surgi 


- “In the abstract a multiple-arch dam is an ideal type of structure, and it is 


a that its design will be rapidly developed such that it will be understood ae 
sufficiently to gain consideration wherever it is applicable and economically eg 


“Concrete material primarily adapted to withstand compressive 
stresses, nd in the ideal multiple-arch dam all the material i is in boepape pened 
In a grav ity dam, much of the concrete has no value except weight, an oo 
crete i is expensive material for furnishing weight alone. A gravity dam iadeéd 


tom this point of view is, therefore, an uneconomical structure.’ 


correspondence with the writer, Luigi Luiggi, | Hon. Am. Soc. C. 
has stated that, in Italy, ‘the gravity dam i is a. thing of the past.” Another 
went still further, stating that “the gravity dam is economic 

rine.” T he gravity type of dam has done good service, but etigineering science 

is advancing, and ‘thers can ben no but. that. the — arch. type is 
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OF MULTIPLE-ARCH DAMS [Papers 


m more and ‘economical structure. Harza also an 
. interesting account of recent activities in multiple-arch dam construction in 
i Italy. The great number of high dams of this type under construction, or con- | 


templated, indicates: the marvelously progressive spirit shown by Ttalian 


a _. The writer agrees with Mr. Harza that there is little merit in the : argument 
88 to the danger of injury to the buttresses i in case of the collapse of one arch. 
og ‘With the low unit stresses usually assumed, the arches have a factor of safety 


7 of at least 4 or 5, and there i is no possibility. of one arch barrel being overloaded 
7a to the breaking point, to say nothing of being ; wrecked from top to bottom; ‘any 

argument as to what might happen in such a case is merely speculative. i pe 


to the of concrete and permissible unit stresses, the 


V> 


tion. concrete as prepared placed nowadays by the 
Ee who, fortunately, are numerous, is a material of fairly well known 
quality and reliability. By good ‘supervision ¢ during construction, a product 


may be. secured, which a ‘sufficiently large factor of. safety to. 


‘aan M. Linden* emphasizes the economical considerations which are so grea 
in favor of the ‘multiple- arch type. The fact that the investment will be 
is ‘|nterest both to the owners oad the financial ‘institutions which 


‘ a provide the funds. The power consumers, irrigation farmers, consumers of 


domestic water supply derived from storage reservoirs, the taxpayers, in fact, 
Bie ‘4 every one is more or less affected by the amount. of money invested i in dams, and 


me 


any progress toward further economy is general benefit. 


4 Mr. Cotten cites an example of a recently constructed multiple- arch 
yar, il certain features that piel considerable discussion at the time 

_ the dam was built. _ The arch barrels of this: dam are curved i d in: such a manner 

= that the slope i is. s about 45° at the base, ‘increasing gradually to a nearly vertical 


Ww 


position at the crest. This. would offer certain ‘unquestionable 
% advantages ; on the other. hand, as pointed } out by Mr. Cotten, ond as shown by 
= the figures of his Table : rs , the dimensions of the buttresses . are such that the 


Se monolith + theory reveals considerable tension stresses at the up- stream side of 


the “monolith”. This. theory, although admittedly only approximately ‘cor 
Tie 

_rect, is no doubt ¢ superior to t the old “ ‘middle-third” method, and should be 

used in preference to the latter. 


_ The writer is in accord with Mr. Cotten on the advisability. of avoiding all 
- tension stresses. in ‘the arch uttress monolith. * He also agrees that no hig 
shearing values should be tolerated if they occur in combination with tension, 

| as the resulting stress would be “diagonal tension”. However, no -appreher 
should be felt for’ high shear values if they : are combined with 
pression. Theory and tests on various’ agree fairly well 


Mr. Cotten believes the dam “enjoys “no _advantas? 
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| factor should be used only for dams which are to be founded on solid bed-rock 
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— 
iw ell keyed into the rock foundation. The writer wishes to illustrate his point | 
of view by the example | of the Horseshoe Dam. 
and specifications, -over- -burden and loose rook: are to be removed from 


"foundation; then, for instance, for the highest buttress, a trench about 22 ft. 


“wide, 220 ft. long, ‘and from 5 to 10 ft. deep, is to be blasted from the solid 7 
bed-rock . Both side walls and the base of the trench are to be stepped off, 


as indicated on the diagrams. sa] Into 0 this rough rock trench, the concrete of | 


‘the buttress footing is to be cast and» carefully w worked so as as to fill —. 
unevenness both at the bottom and on the side walls. After this is done, the | 


buttress walls are built up monolithically with the and strongly anchored, 
byu using the reinforcement of the buttress walls, which extends into the foot- 
ing. In a similar manner, all the other buttresses are to be founded » indi- ng 


vidually, but will be connected with each other by the arch fou dation which 


will be between 6 and 10 ft. thick. wat sto 


ag tha order to produce ‘ ‘sliding” on the f foundation of such a buttress, the irreg- 


trench would have to be sheared off; the rock abutting against the baitrels -— 
would have to be crushed; and the lowest arches would first have to. shear away 


from their own foundation before they could follow the buttress in such a 


Ts it not rather far-fetched to speak of ‘ ‘sliding” under : such conditions, and 


to use a ‘sliding factor corresponding to the friction of “loose brick on brick” q 
Fora a gravity dam, the conditions are materially different. The founda- 


lot of the roughened side walls of a large number of individual trenches, as 
‘in the case of a -multiple- -arch dam, is missing. urthermore, there ‘exists 


in gravity dams the enormous uncertainty involved in uplift at the base and 
in horizontal joints, , $0 that, for this type, sliding i is really within the realm ry) 
‘Possibility. yy sliding factor of 0.60 to 0.65 is incidental to the ordinary grav 
ity type, Whathel required or not, but it is questionable whether the ; same low 
standard. should be used for other types of dams in which the statical con- — 
ditions evidently differ materially from those of the on ordinary gravity” type. 
Ih fact, the general adoption of a ‘sliding factor of 0.80 to 0.90, which has 


been used successfully for ‘some multiple-arch dams, would permit a material | 


"saving to be made in future dams of this type. Of such a high slidin 


ad keys ed into the same in a ‘manner em to that described for the Horse- 


Mr. alls attention certain: restrictions on innovations 


exercise ‘some at uthority over ‘all such . Nevertheless, that 


progress in these matters may be possible is clearly shown by the splen 
ces. in dam engineering which have been accomplished during recent 


years in Italy through the combined efforts” of Government and private 


* Proceedi ngs, Am. So 
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With regard to Mr. Hall’s suggestion reducing the ar angle between con- 
struction joints ‘end the resultant of the forces above the joint to one- -hali ty 


ow veight of the dam. Any pri tendency toward ‘the reservoir side, as inti- 
by Mr. Hall, seems, therefore, to be rather improbable. 
hy Creager concurs with the writer that the H- ‘column shape of the 
of buttresses is ‘structurally far | ‘superior to the type. 
question as to economy has been answered previously, aul 
 Itis believed that the decided increase in | stability and safety of a multiple 


dam with double-w wall buttresses will lead to a more general adoption «i 


multiple dams of ‘the improved type | is much in favor of ‘the latter type 


which deserves, therefore, favorable. consideration for all sites, where the COL: 


— 


a. Rptone: progress ; a saving of 30%. to 50% in the cost of a dam shoal 


no less attention by hydro-electric and irrigation engineers. + 

Mr. Creager questions the writer’s equation, f(A. B?), ealculat- 
ing t the maximum stresses at the down- side of the buttresses. 


i 


equations were derived by William Cain, M. Am. Soe. C.. E., and by B 
akobsen, M. Am. Soe. C. E. st who uses: sections the buttresses 
-arch dams which have a comparatively steep up-stream ‘slope ant 


a “stream of ‘the buttresses, | “norm 


. 


In closing, the writer wishes to take this of his 


 * “Stresses in Masonry Dama’, Transactions, Am. Soc. Vol. p. 4 
“Stresses in Multiple-Arch Dams”, Proceedings, Am. Roe. E., August, 1923, p. 


16 honides 


— || 
— 
g 
el 
th 
an 
- bt as to the 
—— ae | section” method. There is, therefore, hardly any do ie G 
= 4 
— 
Te 
— re 
= 
— be 
th 
— 
— 
— 
—— 


en 
half the 
direc. 

y to the 
as 
> of the 


nultiple 
yption 
vity and 


tter type 


the con- 


dered 1} 

m shoul 


-calculat 
Similar 
by B. 
slope and 

“norma 
se of the 

as to the 


dently | i 


THE RIVER “AND HARBOR PROBLEMS OF THE 


ENGELS, Epwarp Burr, _CHARLE ES E. He: B. Davis, 


Husert cr (by letter). §—The scientific and technical value of 


citar ie to test river construction carr be judged only by a considera- =*, : 
of the results of experiments hitherto made. Although Mr. Freeman 


given a general review of what has been attained in this branch of hydraulic ra 


engineering, the writer hopes that the following discussion 1 may be of val ne 
Bt 1.—It is to, the eredit o f the French engineer, M. Fargue, to hav ve been 


the first to make river- model studies. | ‘In 1875 , the. question of i improving the — 


“navigation route from the: sea to Bordeaux was s under ¢ ~onsideration and there 


river regulation. In order’ to solve this problem, Fargue- made a series of 
experiments in a ‘tlodel, 60 m. long and 1m. . wide, of that part: of the River 


Garonne in question. ve These » experiments - proved that dredging could produce 


benefit only in combination with regulation works. In this manner, Fergus 
was able to convince his former opponents of the expediency of his propositions. 


an n improvement mainly by dredging, whereas, the other argued for a system of : a 


second ‘experiment, to solve certain fundamental in river 


chester, and it was a question whether this could best be done by means of a_ ¥ 
canal for deep-water vessels, or by regulation of the Mersey. A special discus- as i 
sion arose over the question of whether certain jetties proposed for the upper a 
reaches of the river would cause sand-banks i in the lower reaches, and therchy _ 
be harmful to 1 navigation the ocean to Liverpool. Finally, it was ques- 
tioned whether the outer bar in its: natu ural position could be deepened by ay 
jetties. On this, Professor Osborne- Reynolds took up the subject. 11 For 4% 
the of the ‘questions: in dispute, he built small models of the 
mouth, of the Mersey, 1 m. to 2 m. . long, made - in the form of zine troughs 


‘covered: with sand, and that'4 in these models all the characteristic dis- 


Professor of Hydr. Eng., Technische Hochschule, Dresden, Germany. yee of 


Received | by the December 15, 19 23. ‘Translated by Cleme 8 


[Papers 
pe. His} J 
— 
| 
atributing 
09), p. 22 
23, p. 
q 
ined 
i 

| 
q 
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positions « of the estuary repeated report, may be found 


may be 2 asking too much of you to believe that the 12-hour rise and 


"8 by an artificial tide lasting 1 min. ‘in a model 9 m. long and 30 cm. wide; and 
_ that moreover the effect on the sand bottom of the model will be to move and 
| deposit this sand in the same manner as in Nature and so as to reproduce all 
ee the characteristic features of the estuary. But, nevertheless, ‘practically this 
was accomplished not only i in a model 2 m. long, but also in one of a length of 
= »* 60 em. And what is of most importance; the experimental method has 
proven to be a convenient means of determining in advance the effect of works 
_ designed for the improvement of estuaries or of harbors; a method, as inspec- 
_~ has clearly shown, which it would be folly not to apply, bef before o one should 


in 1886. After attaining a 


‘normal based on. a a model time. period of. about, 30 sec., in a 2 modd 

‘ built on a scale of 1 to 500 vertical, ‘and 1 to 30000 horizontal, he 2 intro 
duced the jetties proposed for the upper reaches of. the river. These jetties 
; Be a deposit of sand in the estuary consisting of a long bar that worked 


4 toward Liverpool under the effect of the entering flood- tide. | After restoring 
wa the model to its original condition, ietties w were built in the lower part of the 


‘te ‘outer ‘The practical, result of consisted i in 


the rejection of the jetties ; proposed for the upper reaches" of the Mersey : and 


creation of a channel along the southern shore. noitehige: ob 
after the. lose of his experiments ¢ on 1 the ‘Mersey i improve 


projects, all of contemplated the the desired re re- 


eh by means of jetties, with the aid of dredging. Surveys. were available 
£ which ‘showed the conditions before the construction of certain jetties in the } 

a r reaches of the river, and others which showed 1 conditions ¢ after these | 
me ‘regulating. works had been constructed, so _ that Vernon- Harcourt could logie- | 
2% ally state: If it can be proved by means of the model that the first named | 


; state of | Nature can be restored in its characteristic forms, and if by means 

. of jetties ‘placed in the model, the same results can be produced that were 


3 actoalig: produced by means of the Jetties that had been built, then | one may 


by “means of the model, the probable effects of the existing projects for the 

‘extension of the jetties toward the mouth of the estuary may be tested. ‘His 
* experiments led to the result that none of the proposed projects would pro- 4 
‘the result and, in consequence, all. these projects were rejected. 


in perfect ‘those of ‘Vernon-Harcourt.* Cor 
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Paper DISCUSSION: MISSISSIPPI RIVER AND PROBLEMS 


cerning these experiments, the w well known French engineer, the late E. 


Quinette de Rochemont, Am. Soe. ©. E., stated* that: 
.* “These facts are of a nature to give one confidence in the indications 


furnished by the experiments made on small models; they lead one to believe - = 7 
that it will often be of advantage to have recourse to experiments of 


5—In the fir st river ‘regulation laboratory, built in 1 Dresden, the writer 


9 
is a reproduction of the r natural condition of. a river fe Elbe), constructed 


ing on a steamer on ‘the Elbe, the writer ex 


his model, without at first telling the giver 


based on a model. Only recognized the ‘Tiver dis- 


that the plans ‘shown 


shipbuilding in Berlin, with a model of a part of the Weser,t by means of i“ 
which, the model was shown to be in. ‘conformity with the of 
affairs: both before and after the of the river. subsequent ex- 
periments on the model, further exemplary improvements on the Weser were © 


indicated, made by mattresses and new constructions on the endangered por- 


experiments on in the “new river 


Dresden, the proof was furnished that the mouth of f a projected inland har- a 
bor on the sharp convex right bank of the Rhine down stream from Diissel- * 


dorf should be up stream from the middle of the curve, and not down stream 


from it.) Ame peuivica’ result was that the newly projected | harbor entrance — 


4 ine! 

8 —The Ww e the numerous 
experiments which he made on the asad of river seg works, such as 


jetties, shore ‘protection works, mattresses, etc. It seems proper, ‘however, to 
refer briefly to his experiments on the protection of pile foundations against a 
undermining by high water.| At the time these experiments were made a 


(about 1894), the ‘generally accepted belief was that such pile foundations 
"were ‘mainly j in danger at the -down-stream end of ‘the pier, but experiments 


With small m model piers” ‘showed that the up-stream end in danger of 
the piers were not founded sufficiently deep the sand 


yer of the mode troug ey tippe over towar e-curren at nves iga- - 
layer of th d 1 tr sh, the toward the t. Invest 
tions were then on br idge failures that had occurred during high 


= *Rapports de délégués francais au troisitme Congrés Internationale de Navigation Inté- PS 


Engels, “Das Flussbau- “Laboratorium der K6nigl. Tech. Hochschule in Dresden 

tEger, Dix, and Seifert, “Die fiir Wasserbau und Schiffbau in Berlin”, 

Zeitschrift | fiir Bauuesen, 1906 and 1907. go. te + “tc th 

Engels, “Mitteilungen aus dem Dresdener Flussbau- - 

arbeiten auf dem Gebiete des Ingenicurwesens, Heft 200-201, Berlin, 1917. © ee: 
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"MISSISSIPPI RIVER AND HARBOR PROBLEMS 7 
water, that - confirmed the results of the model experiment. #3 Further ex 


= on models to discover the n means to be taken. ‘to protect the model piers 
_ the result, very important in practice, that the generally accepted method 


= of protecting bridge piers by piling 2 rip- rap call: around the pier up. to the 
level of low water should be rejected, and that, on the contrary, the up- -stream 
"point of the pier should be protected, which protection should ‘extend ed ‘the 


bed of the 3 river rather than project above it. 
The economical value of these experiments is shown by the fact an 


| experiment, costing about $70, enabled a principle to be recognised, that saves 


‘The writer began iis experiments on the . being and behiardoe of natural 


: "watercourses: in 1891. | He was able to make use of ‘the results found in a 
_Teport presen nted to the International Engineering Congress in Chicago, Ill, 


_ From the writer’ 8 8 experiences of the past thirty- two years in experiments on 
structures, he would state ‘that: 
.—The results and achievements of testing river, regulation by. ‘experi- 


are encouraging to ‘the end, that ‘this method should. continue to be 


ed and developed. 


4 ba —The cost of pursuing such experiments is small in comparison with 
2 the results that | may be expected from them. 


tame Asam matter of fact it has | been possible not only to ‘reproduce. on a e 


Bes scale a ce certain river ¢ district with its principal features but, what is of far 


‘ ri greater importance, it is possible t oO study the changes that may be expected 
in the river beds in consequence of certain regulation. works. One should 
not. expect that. the results shown by t the model will exactly be reproduced i in 


particulars i in Nature. The experienced a and scientifically educated ‘engi- 


expect more ‘than that the kind of change a certain project is: 


to exercise on the river bed _may be indicated b the model experiments. 


The model experiments should only” show whether’ certain general principles 
_ on which the proposed works were based have | been vindicated. The model 
will also furnish ‘Suggestions: about ‘many important questions of construc: 


tion, the e solution of. which will give the b basis for further computations and 
In few countries are the river regulation: problems s so. diverse, ‘so difficult, 
_" of such g reat economic importance and, at the same time, so urgent, 


in the United States. ‘There is no » doubt that ‘the erection of a large 


the A decision thereupon. should be. “facilitated 
votes unanimously passed at certain International - Navigation Congresses 


“According to experiments ‘which | were made, more especially. by Mr. 
ig Ve ernon- -Harcourt, it would be advantageous before ‘the presentation of a jetty 
ried project for the mouth of a wide river, with movable bottom, and where the 


© #H, Engels, “The Limits Attainable in Improving the Navigability of Rivers by Means 
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tides” introduce silt or sand, ta. make small model, as 
experi- accurately as possible, showing the results which the several jetty ‘projects 
piers 


produce in the model; not for the purpose of ‘determining the exact aan 
of the channel and the navigation depths to be expected, but to compare the 
several projects one with another with regard to the stability of the channel, 7 


id 


TY) 


the its size, and the distribution of the deposits.”*¥ 
stream 4 “This makes it. desirable that hydro-technic laboratories for the study of : 
nto the “the behavior of rivers on a small scale should be used to a greater extent and 
furnished with the necessary means to make experiments upon the different 
‘methods proposed for the improvement of navigation; and this should 
hat be: “done. as far as possible in connection with the examinations and work upon 

Epwarp Burr,t M. Am. Soe. E. (by letter). ).§—The author’ 8 opens 
natural for discussion the entire field of control | and improvement of of large alluvial i 
id er rivers. The magnitude of the subject is evident from the paper itself. To one — 

go, Ill, with some experience in the control of the Middle Mississippi River no o part = ; 

“ere! of the paper carries a stronger appeal than the ‘Proposals: for thorough liaison — 

lents on betmeen the laboratory and din men striving for practical results « on tl the rivers. 7 _ 

Hitherto, the art of dealing with moving water and shifting sand, on 
“experi: scale, has been developed mainly by practical experience. This does not 
e to be mean that theory and scientific investigation, in the laboratory and in the field = - 
aa Re have not played an important part both before and since the time of Humphreys 
on with and Abbot and that ‘they should not play. an even larger part in the future. 

The practical, full- scale aspects of the problem are of greater importance ond 

expected simple instance will ‘illustrate the difference between ‘conditions in the 

» should . laboratory and in the e field. The formulas for the flow of water in open channels Pa a 
bee ed d in well serve their purposes and may reasonably be relied on only for conditions * $ 
ad onli’ that fairly well accord with those on which the deductions were based; but how us 
roject i re reliably may they be applied to give | the velocity or tl the quantity of flow in a gy 

turbulent stream, irregular i in all respects and large enough to have real value 
nincisle to navigation ? _ Field studies of the flow of such streams are made at selected, 
be del favorable locations and even then produce results varying Typical 
semaine turbulent sections are rarely ‘investigated, for evident ‘reasons, and yet it is in _ 

such sections or streams that the field engineer finds most troublesome 
Probably greater difficulties will be found i in the application of laboratory 
>. urges results to the more intricate } problems to be solved in the field, involving the _ 
navigation and flood control of large alluvial Tivers. - Only by the utmost co- 
operation and appreciation of the field conditions « can the laboratory help to 
d by the solve the construction problems. of an intensely ‘practical character. 
The great ‘difficulty inherent i in these problems i is the ‘impossibility of = 


taining with: certainty the character, direction, and magnitude of all the factors 


* V. Internationaler Binnenschiffahrts- Congress in Paris, 1892. _ “Summarische Berichter- — 
Stattung iiber die Arbeiten des Congresses,” Paris, 1892, S. 
+ XI. Bericht iiber die Arbeiten des XII. Schiffahrts;Congresses, — Philadelphia, 1912, 
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of a jetty 


where the § 
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Sab 
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on at wetk - Engin neers after long study and observation 1 have disagreed as to the 


direction of the prevailing movement of the beach sand at a harbor’ entrance, 
A “circular cave occurs in a bank reve tment. apparently. with no specific 


se “cause for the particular incident at that particular point. A 20-in. dredge 


work throughout a whole low- water ‘season on -1000- ft. crossing, 


Cech “seeking to find the line along | which the river will aid i in digging ‘the channel 
& ‘instead, of promptly refilling it, but. without success, although h having the 


benefit of surveys, pilots’ advice, and the extensive experience of men familiar 


ng 


the proposed laboratory will furnish any clues to aid in solvi 


it will its costs many over; if it will help to “solve the 


ve its purpose in addition to increasing of basic 


_ principles, it furnishes substantial practical aid to the field engineers in con- 
the forces, some of which are obscure or unknown. 


4 The Middle Mississippi, between the Missouri and the “Ohio, possesses 
- characteristics that lie between those of the Missouri and the Lande! Missis- 


o in practically all | respects touching bert questions of navigation and flood 


control. With less mud and more water, 80 ‘to. speak, than the ‘Missouri and 


with ‘eas water and more mud than the lower river, ‘the middle river has been 


A in a way a field laboratory where methods have been developed for the better- 


_ ment of navigation, that are satisfactory from technical and economic. stand- 


bts The earliest wo orks in the vicinity of St. Louis, built before the Civil War 


by Captain (later General) E. Lee, were ofa conventional, solid brush-and- 


stone type » used “successfully in some silt- -bearing streams “until the Seventies 
‘The first dikes in Horse Tail Reach ‘were of this character, but. were only 
partly. successful as silt catches and were failures in other respects. — F reshets 
topped and | undermined them, i ice and drift breached. them, « and they became 


menace 3 instead of an aid. Light, permeable structures— -hurdles and dikes— 
then tried at Horse Tail and were great successes as silt catches, but 


e earlier ones were too frail to withstand i ice and drift. 


‘aaa Finally, the | ‘pile tripod | type, accompanied by a continuous mattress to 
_ prevent scour along the line of the dike, was successfully developed, and experi- 


ence was progressively. gained in the layout and construction including the 


location, spacing, ‘and sequence. and methods of construction. Longitudinal 
dikes were entirely discarded. Plans for layout were. based. on leading 


instead of forcing the current, In “most | localities the: general layout was 


i 
ts _ necessarily based on the tracé of the channel as s found at the time, but a layout 


" with gentle curves of suitable radius, avoiding straight reaches and deep bends, 
was sought { for the > purpose of stabilizing the location of the low-water channel 


and 5 securing better depths « on the crossings. — The merits of a curved layout as 


' _ compared with one of straight reaches were demonstrated in the 30 miles below §f 
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Maj. -Gen., O. H. Ernst, AL (Retired), M. Am. S Soc. C. E.,.ha had ‘much 
to do with the initial development of this method i in the early Eighties. 


ft ‘The middle river has thus been and still is a fruitful field of study in aoe 


"were progressively developed methods which are technically successful for ‘this 


at a reasonable cost. Here, the active forces. are at work to full 


scale—widely different quantities of flow, ‘slopes relatively steep, currents, “4 


drift, ice, silt and sand i in large quantities, and the usual obscure or unknown 
P eaten: The methods heretofore in use may doubtless be improved ; some of 
145, 


the successful Missouri ‘methods may | be found to be applicable; and new 
_ methods, in general or in detail, may be » devised by | laboratory or other investi- 


itt 


t gations, a In any case, however, the experience gained on the middle river is a A 
- better point of beginning for ‘the work of the future than the early unsuccessful _ 
efforts in Plum Point Reach, or perhaps the more or less detached works on the | 
3 Missouri, excellent as some of them. appear to be in detail. _ MBE 
ye The interrelationship between slope and depth in such streams is 


- Imown; flat slopes are coincident with long, deep : reaches, whereas relatively 


elas 
: ’ steep slopes mean deep pools with flat slopes separated by shoal crossings with 


steep pitches, the crossing being in effect a submerged weir of sand. 
eo In its natural condition the middle river had an average ‘slope from St. 


ore 


‘ Louis to the Ohio of about 0.6 ft. per mile, with least low-water depths of 4.5 to” 


«0 ft. on crossings such a: as Horse Tail Bar . Horse Tail Reach after improve- | 

had least low- water depth of 9.0 to 10.0 ft. and an average slope of 4 
about 0.5 ft. In the reach through St. Louis Harbor, where side channels had 
Deen closed by dikes and channel widths had been reduced to between 1500 and = 
2000 ‘tt. the slope was about 0.16 ft. and the depths exceeded 20 ft. Kaskaskia — 

— Cut- off, the last to occur in 1 the m middle river, was narrow and straight for about 3 
6 miles with an average slope. of about 0.2 ft sand 9 depth « of 20 ft., but was a 


the 


a nee of 0.2 ft. and a depth of 20 ft. as as St. Louis. 
- They draw attention t to the basic principles required to reach such results. and i. 

to some methods successful in river control. It is ‘conceded to be practicable, | his 

theoretically , to. straighten’ the river and to reduce its slope and perhaps’ to 
take care of the loss i in elevation, as suggested by Mr. Freeman, if the rock bed yw 
tthe valley is not too far below the level of the alluvial plain, x The practical — 

_ problems arise in holding the river at high water, and at low water as well, to 

c the location and width decided on as necessary to produce and maintain the 
desired scour, There i is: preponderant, evidence that the river will scour if 
_ ‘Strained or modified materially i in itsr regimen. ‘The greatest difficulties of ie 
engineers consist in limiting its scour. bawollot od of 
‘Been, will 1 run in a straight line only under ideal ‘conditions; concealed 4 
fg or unappreciated factors cause deflections. e Even rain drops ona window pane 

- deviate from a straight line. So with an alluvial river, the unseen causes: or. 
undetected impulses as well a as ‘those that 2 are easily “apparent, results 

ce typified ¢ on - Mississippi River where it long | since has been axiomatic 


a straight line, either horizontally or ‘vertically. 
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DISCUSSION: MISSISSIPPI RIVER AND HARBOR ers, 
. ws bring the river to a predetermined location and \ width and to keep it [ff e 
there, involves the old problems of river regulation—contraction and i 
 protection—by the reduction of excessive widths, ‘the protection of existing | fe 
banks where. and of new banks when established, and the | permanent gs 
Bank protection will not suffice contraction also is needed to secure: 
oe a general erosion of the river | ed to a lower level. Material eroded in one 02 
locality moves down stream to re-create like conditions below. A disturbed ge 
‘ - regimen re-acts both up and down stream, and detached works, however excel- B he 
= lent their design and no matter how well they serve their purposes locally, | pl 
of will not be enough. ‘Finally, permanence of works and continued maintenance i 
z=, are essential to control an adversary who never sleeps ‘and is an inexorable 
isn iff LiL re] 
inspector « of details, especially during his annual periods of over- -indulgence th 
Although the regulation of large alluvial rivers is s technically feasible, costs 
high for continuous and maintenance following standard = 
methods of construction, if, they may be called such, and probably for any auf 
other methods that have been suggested. The practical features of Mr. Free- 
8 vision n of a National hydraulic laboratory, may lead to methods for redue-_ 
alg 
“at the same time ‘of leas exposure and | more resistance to ‘the destructive 
always i in action. Every river engineer should welcome and support these plans» 
rs —enthusiastically ‘if he be an optimist and, if a doubter, for the purpose of the 
thoroughly testing them ai at an small compared to the posible En 
E. Davis, *M. Am. Soc. CE. (by letter).+—In 
| aed sion on the problems: of the Lower Wisaissippi River, it is observed that both § stee 
Es Mr . Ripleyt and Professor Haupt§ are still strongly advocating the adoption hav 
of a “single curved. reaction jetty for the mouths of tidal estuaries. To this, i the 


Aa On the Great Lakes, ‘the numerous dredged channels in in 1 the Detroit Riv er, fm vet 


annels at the angular iis to allow for swinging the ships. a This makes jy tl 
the courses straight lines, easy and to. ‘mark properly by range the 


pro 


channel: glance at the map of the ‘Catal will é Hur 


raight courses with angular turns. 


n ‘its aids to on the Western rivers the Lighthouse Establish: Bast 


ment follows the same plan, namely, ‘stake lights and to mark 


It has always seemed to the writer that the slight curvature given by the 
‘late’ Capt. Eads to the South Pass jetties was a mistake. The advantage in 


* Brig.-Gen., U. S. A (Retired), ‘Atlantic City, 
Received by the ‘Secretary: January 9, 1924. en: [fo 


$“The Economic Location of Jetties,” “by Henry Cla Ri le A 
Proceedings, Am. Soc. C. E., August, 1923, m. 
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D it enter ing a | jettied channel of having a clear unobstructed view of aa a 
ank length is so obvious as to require ‘no argument Tt far outweighs the benefit ‘ 
claimed for the curved form, namely, that of of. deflecting the ‘outgoing current 
nent slightly 3 in the direction of of the littoral current, whiet hich his of amall velocity i in t 7 
it will be remembered that Capt. Eads submitted t two to 
‘one one for the improvement of Southwest Pass and one for South: Pass, Congress i 
selecting the latter ‘apparently because ‘was cheaper. projects 
sally’ plans and estimates for the ‘Thee provided for ‘straight 


Inasmuch as the: ‘improvement of navigable: rivers consists largely in 
removing the kinks from crooked channels, or, in ‘other words, straightening | 
them, it seems the writer. that, the deliberate. construction of a curved 


channel is an engineering blunder, one which should never be allowed if it 


rable 


gence 


costs 


an 


| op Hor, two ocean- going ships to pass each other in a restricted waterway — 


1 
having a curved form would be ‘extremely hazardous, particularly. ‘rough 

weather. It would result i in many collisions. 

educ- 


iti is a well- known fact that all vessels. steer badly i in ‘ind it 


peng, also been observed that vessels passing through dredged channels, having little an 
forces water below their keels, are ‘drawn down “squat”, the sailors call it) and strike 
Plans bottom. Tn se mding daily notification of the: ‘stage: ‘of water at the “Soo” to 
+‘. of the ore shippers at Duluth, -Minn., , during the season of navigation, the U. S. 
Engineer Office, at the Sault Ste. Marie Canal, ‘does not give the channel depth 


to of water as shown by the gauge, but the safe-loading depth for the ore oo 
liscus- Th passing near the side of the dredged channel, vessels take a sheer and > 

t+ both steer badly. It has also been. observed that two vessels passing near each other — 


have a tendency to draw together. the Lakes, it was found that although 


option 
° this, the straight channels provided were plainly marked | by day-beacons and range- 
aie. lights and w were > theoretically of ample width to allow vessels to pass each other, 
ver, 
ridened 
makes in the Lower Detroit River for vessels, the 
, range the old channel at the Lime Kiln Crossing ; the St. Clair Flats Canal: was 
mid doubled ; and in the St. Mary’ River, connecting Lake ‘Superior with Lake 
gimilat Huron, a long straight channel was « excavated in solid rock at West Neebish 
ye Rapids for down-bound boats, those up- -bound 1 using the old channel. in the ea 
met al In the report of the Board | of Consulting Engineers for the ] Paname: Canal, — 
the cross-sections. of the Canal prisms for the sea-level canal were given, 


éllows: Holders di ai 4 odt sldalisve to lottans 


_ “The depth ¢ of 40 ft. was adopted as the standard minimum depth in the 
“The bottom width i in firm earth, including the dredged portions 
in soft material, between the shore-line of Limon Bay and Bohio, was fixed at | 


150 ft., the side slopes in the same material L at one vertical t two 


cap 
rdard — 
i 
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The side 


— above water, as well as ea in firm earth between Bohio and Obispo | 


m4 south of Paraiso were taken at the inclination of two vertical on three 


The writer believes that to pass two ocean- going steamships by each other 


4 a rock cut only 200 ft. wide, would be a slow ‘and tedious operation. Had 
7 such a canal been constructed, at would have proved entirely inadequate fo for 


bi 


ENRY Cray Riprey,* M. AM. Soo. C. E. (by letter). -The writer is much 
gratified 2 “t ‘the 3 reception of his papert by ‘the members of the Society who dis- 


it. Not only have these. discussions added much to the value of the 


. itself, but they have enabled the writer to bring out many important 


features concerning the problem, which otherwise might have escaped him. iia 


pote 
There are two methods of attacking ‘the question of bar deepening, 


deductive and inductive. Freeman§ regrets that the former method wa 
used this paper, "whereas the writer is firmly” of the opinion that 


latter method is the better one in the solution of these problems. loce- 
a has - its individual characteristics, ‘and the unknown elements are so great 


that a deductive solution, the writer considers, is quite impossible. 


= Some years ago, an eminent engineer of extensive experience, likewise an 


mathematician, studied ‘this: “question by the deductive method. hh 


accordance with his results, he designed plans” for the improvement ‘of ‘the 


entrances a number of important harbors, including Galveston, Tex, 


John’s ‘River, Florida, Cumberland ‘Sound Georgia and Florida, and 


Charleston, S. "Several million were expended in the execution off 


these works and yet in no ¢ single , instance did the > plan prove to be successful 


et _ The final plan for the improvement of the entrance at Aransas Pass, Texas, 
was designed by the inductive method. — After. it was finished” in 1909, it 


and maintained the prescribed channel, with a minimum ‘depth of 


20 ft., by the natural forces, unaided by dredging | or other artificial aids, as was | 


_ predicted by its designers. Afterward, as has been previously stated, : a ‘second 
5 _ jetty was built, and dredging operations were inaugurated to secure a a channel 


‘a the face of the curved jetty created by the ‘single- -jetty plan. It is believed that 
_ mathematical computation never could ha have determined these results. ia rohgad 


a As regards the. cut- and- -error method ‘referred to by Mr. Freeman, ‘it may 


be stated ‘that, by the induetive method, Nature performs this’ part of the 
peration and indicates exactly what results may be secured by the proper 


eontrol of the forces available and the engineer is thus to a 


Economic Location of Jetties’’, Proceedings, Am. ‘Soe. 1923, p. 1141. 
Am. Soc. C. E., September, 1923, p. 1624. 


— of 25 ft. ‘However, in 1916, a severe storm ‘in the Gulf completely } 
4 __ obliterated this 25-ft. channel, leaving only the original 20- ft. channel along 
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Black* clearly analyzes the conditions governing the formation of 


bars at the mouths of sediment- bearing streams as being due to the deposit of. 
this sediment when the velocity of the river current is lessened on ‘meeting the 
open waters of the sea. ‘Tt is also true, as he states, that this material will 


continue to be deposited as long as the current t flows. 363 is the province of the 
engineer — to have this deposit take 1 place where it will do the least harm and 
where the cost of removal, if necessary, will be a minimum and the operation 


of removal will not obstruct traffic. He further states that: 


vise The same procedure i is necessary when - the bar is of drift and wave forma-| 


tion. Here, again, it must be expected that the supply of material will be con- 


And he cor rectly adds 


the water, a after leaving dpening| i is guided by a a construction. concave 


toward the current, the centrifugal force of the flowing stream will cause the — 
current to follow the guide closely ; but this force itself causes a head to be 
formed against the guide and increases the tendency for the water to seek the | i 
lower level at the side. In the concave bank of a stream having a high velocity, 
this difference of head between the two sides of the stream is measurable, and 

its effect is seen in the movement of materials eroded fi from the concave bank 


Iti is | interesting t to ‘note > that during flood stage c on the ‘Mississippi River, a i 
difference in elevation on the ‘opposite . sides in bends of as much as 1 ft. has 
been 0 observed where the mean mid-section longitudinal slope w was about 0. 0.4 # 
MR. H. Gockinga has devised a formula for computing the difference i in 


devation on opposite si sides of a stream in bends for for varying radii of curvature. f 


0.235 V? log (I 


of curvature, X and a are co- -ordinates of a point on the surface referred to a 
system of rectangular axes in 1 a vertical plane the of the 
axis of the channel and the water surface. 


in a which, Vis is the longitudinal velocity, in ‘meters per second, Ris the radius” 3 


Gockinga found under certain conditions of velocity, | width of 


¢ channel, and radius of curvature, that the elevation of the water surface on te ay q 


concave side of the ‘channel was such as to indicate @ cross- slope on the water a 


surface twice as great as the longitudinal slope. 
§ The actual movement of the material in a curved channel is illustrated in a 


the ‘formula devised by the late Professor Henry Mitchell, M. Am. Soc. C. E., 


for the cross- s-profile of the ‘Delaware River near Philadelphia, 1 ‘Pag ob This 


94 71-100? 289 | ‘1 100? — x? ails 


* Proceedings, Soc. C. E., October, 1923, p. 1792, 


“Hydraulic Principles Governing River and Harbor Constructions”, by 


_ t Annales des Ponts et Chaussées, 1913, p. 112. 


8. Coast and Geodetic Survey Report for 1878, p p. < 
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in which, X XxX vertical co- ordinates of the origin being at th 


sas formula has been made for R equal to 16 200 ft. and for R equal to infinity, as §j on 
Fe given in Table 4, and the. results have been plotted, as shown in Fig. 69. 9 Here, re 


“ the mean depth is 23 ft., the maximum depth i in the straight channel i is 33 ft. 


3 gives an increase in channel. depth of 24%, and, inasmuch as the nested 
_ value of a port varies as th the > cube of of the depth of the channel, the i increase in 


Depth from Water Surfaceinfeet 5° 


TABLE 4- —Co- -ORDINATES or River Bottoms VeRTICAL PLANES. 


pd Baod 5 (Compare, Fig. 69.)_ obiug ‘woltot ts 


oy # ix pe  YforR= infinity, infeet. R = 16 200 ft., in feet. 


20.6 
Arena 


4 


of __ The increase in depth on the outside ne the curve is accompanied by a 
—_ on the inside, showing how the ‘scoured material i is carried across ‘the 
channel and on the opposite ‘side. This: agrees perfectly with Gen. 
onca 


The question may be asked why such @ construction | is not ‘the most eficient 


“ method ‘of controlling the deposit of the material ‘scoured from a | bar channel 
or ‘that brought down by the v waters of a _sediment- -bearing stream ‘ ‘where it 


iy will do the least harm and where the cost, of artificial removal, if necessary, 
will b be a minimum and the operation of removal “will not obstruct: traffic” 


es Here, the material - is deposited away from the channel to one side and, if the 
littoral movement is from the jetty side of the channel, such ch deposit will not 


That the saving thus. effected is material ‘is “shown. _by the dredging oper 
— on the Gulf of Mexico. At the South West Pass of the Mississippi River, 
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on the outer bar have been m more or less continuous since 1895, involving the 


nel to be 35 a To. J une 30, ere had by 


‘material, and not "sight. Galveston, dredging ‘operations, 4 


removal of several million cubic yards of material. Ih 1909, alone, there’ was" 


taken from the. outer bar 1 366 000 cu. yd. of ‘material this was ‘eleven years 
after the completion of the jetties; and in 1922 there» was removed by dredg- 


DELAWARE RIVER 
FROM FORMULA 


On eae an i 4 


wo 
os a 


Depth from Water Surface in feet — 


6 -7 -8 -9 -10 -11 
Ww idth from Center I Line i in Hundreds of Feet dae 


It would seem, therefore, as if the | senens in Gen. Black’s closing para- 
graph that “the annual accretion. to be removed is is comparatively, small”, will | 


ni His statement that ‘ “no works offering a passive resistance or passive g guid- ; 


ance, if such terms are permissible, will suffice permanently”, is 3 suggestive , 
of the fact that, in the early days | ‘of the steamboat, a man ‘actually demon- 


iit 


strated that. steamship could never cross ‘the Atlantic: unaided, for she 


could not carry enough, fuel for. the trip; and of the humorous | poem entitled, 


Darius because he conceived ‘possibility of a man an being able to. fly. 


Past 


late as the time of ‘the W Tright Brothers invention, a prominent. engineering ~ 
in a Jengthy.. editorial, tried to discourage, any further attempts 


but a plaything for. few ‘wealthy, Iti is well, therefore, to be 


Tile chary about ‘accepting a statement that a thing can never be done; 
‘especially is this, true in view of the results at Aransas Pass v with the single = 3 
curved jetty, where, as already stated, this jetty. has secured and. maintained 


a 20- ft. navigable along its trace continuously since its _ completion. 
With a strange persistency ‘the channel has maintained itself along 4 
concave face of the pay jetty and has bafiled the efforts of those attempting oe a q 


to dislodge it. m A second jetty was built on. a straight line to the south about = 
1950 tol 700 ft. distant, but this failed to budge the channel. - Then dredg- os 


U. 8. A., 1922, 90 000° 


the annual expense of maintenance. 
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¥ ing operations were undertaken ; but the channel continued to hug the vleeved! 


~ Finally, four : spur jetties were built from the face of the curved jetty 
> into the channel , thus: forcing it away from and out of the influence of the 
curved structure, ‘thereby inviting deposits. The effect of these spurs will be 


to put a stop to ‘the further demonstration of the effectiveness of a sing] 

~ curved jetty to maintain a channel without dredging or bar advance and to 

convert the scheme into a two- -jetty plan ‘supplemented by dredging with the 
inevitable bar advance and continuous “expense for maintenance. 


The writer cannot: commend highly the valuable discussion by 
fessor Haupt. * His many years of experience and research with problems of 
this kind have eminently qualified | him for this work. The - remarkable ¢ col: 
lection of statistics and numerous sketches which he contributes are not iat 


aluable- additions: ‘to the paper, but. go far to confirm its conclusions. 


~ 
However, the writer does not attach so importance t to to the admission 


e tide. at Aransas does to ‘the fact that 1 ‘the tidal 
reduc- 
= ion ere oye size of th the gorge | increases the ebb b slope, which is the element Te 
quired for bar ‘deepening. efficiency of the tidal currents 3 at Aransas” 


t to produce channel be summed Up. as follows: 


“The ‘tides, are the only ones which 


furnish sufficient current to produce ¢ channel deepening. These tides have 
a flood and high- water duration of about. 18 hours continuously in the 24, 
which ‘condition enables the tidal basin to fill completely ‘during the flood 
tide. _ ‘The long ee of high- water ‘slack shows that there is still time to 


tort 


—* asin is filled. The short duration of the ebb gives a muuch 
Greater’ ebb v than flood, and the fact that the low-water ‘slack does 
— not ‘occur at dead low water, but some time after the ‘tide in the Gulf has, 


commenced to rise, shows that the tidal basin does not completely empty 


itself, having a minimum elevation above the mid-plane between high and 


Third—The winds have influence over the currents, much 

‘more indeed than even the great declinational tides themselves, Onshore 


winds will sometimes produce almost continuous flood ‘currents for "several 


ays, ‘filling the tidal basin | to an abnormal height. rg shifting of the wind 


a “N orther,” “sg or an offshore wind, will drive the water out ina few hours, 


oducing strong. out -going currents. - This result is entirely indepen dent of 


ny moderate reduction of the tidal entrance. 


? Fourth An opening at the shore end of the jetty Permits the escape of 


ailable for chan 
This" opening also ‘entrance of sand at flood-tide and at 


Proceedings, Am. Soc. C. E., December, 1923, 2045. . 


Transactions, Am. Bee: p. 48; et seq., under “Tidal Phenomena of 


> 


— 


— 


— 


= 
| 
a 
~ € 
i 
4 
ie 
h 
‘si 
| 
ao: + _and of too short duration to be of any use in channel development and, there. § la 
| 

— 

( 

> 

| 

— 


ime to 


much 
*k does 


ulf has 
empty 


a 
several 

16 wind 


J "DISCUSSION MISSISSIPPI RIVER AND HARBOR PROBLEMS 325 


ow 


water, whenever there is a littoral movement in direction. The sand 


kent in by wave action is carried along” by the current 


a obstruction or is away tidal currents, thus 
diminishing | by | so much the force available for channel development. — a eid 
As regards th conditions | at Swinemiinde, Professor Haupt: has 


shown that the prevailing littoral drift i is from the west and, ‘therefore, t _ the 


location of the curved jetty on the east side of the channel was not in 1 accord- ; 


ance with the rule for its location laid down in the writer’ s paper. Had the 
location been on on the west side of the channel, in accordance with the tule, it 
would have been impossible for vessels to enter the harbor during storms, — 


as the prevailing storm winds from the no rtheast. This puts” the harbor, 
in the class not susceptible | of satisfactory improvement by the single eaeeet, 


jetty. more -rational plan would have been by means of twin curved 


7¢ 
jetties. of equal length. Even so, the periodic extensions of the jetties could 


hardly have been avoided, but dredging have been unneces-_ 


sary and the required extensions much less. 


Among the sketches furnished by Professor is one of Rio 


Sul, , Brazil (Fig. 51*). _ Comparing this diagram with the plan for the im- 
of the River Rhone (Fig. 70), a remarkable si simi- 


te 


to the. crest of the bar where they become parallel and continue ‘is a a 
short distance beyonc @ 


eyond. — Both: jetties w were built from the shore out and in both | a, 


cases, the the work progressed, with a slight deepening 
the crest. In | the case of of the Rhone, the work | was abandoned, the e bar ¢ con 
tinued to sites and to shoal until the maximum depth on the crest of sd 


* Proceedings, Am. Soc. E., December, , 1923, 
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‘was only 6 (See Fig. 70.) The question arises, “Will the 
bar at Rio Grande behave in a similar 1 manner - Some light on this matter 


T he of this work, ‘Fig. a, is taken fi from the latest of Novem- 


"This shows. clearly the necessity of the proper location ‘of jetties 


“order to secure the best results from their construction. silt, eh 


. 
1000 2 4 6 jo ab 


=: 


‘Here i is a work involving the construction of two jetties having an aggregate — 


has of more than 8 km. (5 miles), the expenditure of about 3 3 400 000 metric 


tons (37 50 000 short tons) of stone, and the consumption of about four year’s 
The changes effected may be summarized ¢ as follows: The gorge has been 


“advan from its original position to the outer end of the jetties, « a distance of 


6h km. (4 miles) ; a channel between the jetties has been developed having a 


- of ‘more than 10 m. (32. 8 ft. y 3 xo new bar has formed in adv ance ¢ ‘of the 


jetties” having a a minimum depth of 43° m. (14.8 ) on its crest. = 
bar has formed where the depth was originally more = 10 m. 


ft. thus indicating a shoaling of about 6 m. (9. 7 ft. ) in advance of the 


jetties. The quantity of material carried to this new bar, in addition to that 
brought down by the rivers and that carr ied the | shore by the littoral 

drift, during the three 
1916, was “approximately : 14 000.000 en. ‘m. (18.000 000 cu. yd.) 
of 4700000 cu. m. (6000000 cu. yd.) per yearto 


. a Undoubtedly, the rate of deposit on the n new bar was greater during these 
first years of | channel development than it has been since; but the fact that the 


advanced i in the weoisainid 6 years at the rate of 112 m. . (367 ft.) per year, | 


, Brazil’, by M. Basile 
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without materially changing the depth on its crest, shows that there i is a 1 con- 


siderable quantity of material being added to the bar - annually, although there 


record of ite exact amount.” 


_ That | this process will continue as. time goes on, the volume of the bar 


increasing while the depth on its crest diminishes ( (just as at the mouth of the | ” a 


Rhone), there can be no doubt, for the reason that | whenever there is an extraor- 
dinary discharge the g gorge is deepened and the material scoured out is dépontted 
om the crest of the bar. — The volume of t the excavation thus effected may _ 


enormous. There is shown on Fig. 71 an excavation in the gorge having 
maximum depth of 18.6 m. (61.1 ft.). . During ordinary conditions, when the 


current is not ‘sO strong, deep he hole is filled more or less with 


which remains for the next strong outgoing current to wash out again anc 
deposit on the bar, thus repeating the former } process. _ Thus, it will be seen that i ws 


strong outgoing currents have no t tendency to deepen the bar, because their 
power is exhausted i in n making 2 an excavation in a nail and i In transpor ~ a 


_ That there is ‘no lack of materi 


bar i is apparent, for, in the past, Norte. and the north of it have 2 
been formed by deposits of furnished by the rivers and by the 


littoral dr drift, which has built upa shore to the east of them. . No ex extension of a -_ 


either one or both of t the jetties will prevent this process sof bar formation, but » ap ; 


would only « extend or + modify. the shape of the ¢ gorge. e. Howe evi er, the conditions - 

here are particularly favorable to the application of the single curved jetty. sa : 
Tt. will be seen, by referring to Fig. ‘71, that the crest of the bar lies to the 

of the jetty channel prolonged, showing that the prevailing littoral move- 

ment is westward and, hence, ‘proper location | of such a structure would 

be on the east side of the channel curving to the west. This would give it : 

location approximately like that shown at A-B. This structure w would prevent 

any f further deep excavation at the gorge and constrain the outgoing 


The excavation of a) new dnd 


¥ 


current to follow the trace of the curve. 


-aeross the bar would take place along. this line, ‘and the material thus 

“excavated: and that brought down from above would be carried over to the 
convex side of the channel, as is shown in the ‘cross- -profile for the — 

€ annel, in Fig. 69, instead of in front of it and will be removed subsequently a 


by wave action and littoral currents. Tf constructed i in the order indicated in B= 


the writer’ paper, this single curved jetty will produce and ‘™aintain a 
ne 
“manent navigable channel across ‘the bar sufficient. for all the needs of com ‘ 


ie The writer quite agrees with Gen. Davis that there / may be serious s objec- ee 
tions to a curvature in a. channel ¢ of restricted dimensions, , such as he. cites, but 
there can hardly be ‘any objection to the ‘gentle curvature g given ‘to the sug- 
gested curved jetty at the entrance of Rio Grande do ‘Sul, Brazil, where the © 
channel is is more ‘than 2 000 ft. wide and sehere the curvature ed the jetty is Tess 


than the. curvature of the channel i: in many Places in 
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= = the curvature of the jettied channel is less than the curvature of the channelin 
2 oe Dene immediately inside the entrance; and, in general, the curvature of jm 


N: MISSISSIPPI RIVER AND | HARBOR PROBLEMS [ Papers, 


a proposed ‘curved. jetty will be ss than the sharper curves in the natural 


ee il In regard to South W: est Pass of the > Mississippi River, it may be said that) 


_ _ any curvature to beg given to a ¢ curved 1 jetty for the _ improvement of its entrance 


will be less than the curvature of the channel in many places i in the Pass itself, 
Tn its official report, the ] Board of Engineers of 1899 stated that South West 
_! Pass, from. \ the Head of the Passes, to ) the Bar, has 2 an n ideal channel for nav viga- 
curved jetty at the 

"entrance of “South: W rest “Pasa. will increase i in any its navigable 
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TENTATIVE SPEC CIFICATIONS ‘FOR STEE 


aviga- SU BMITTED AS A A PROGRESS Revor OF THE SPECIAL Comarrren ON 
at SPECIFICATIONS FOR BRIDGE DESIGN AND” 
By Messrs. Cuartes Evan on, JAMES B. W. Macuvryre, 
CHARLES Evan Fow er ER, + M. Am. Soc. EB. (by letter). 4—The proposed 

specification is in reality a treatise on the design of steel highway bridges 
. 7 and would seem entirely too elaborate for a work-a- -day specification = The 
believes that one similar to that published by Thacher twenty-five 
Bi years ago would be more useful than the symposium presented by the Com- 
ae mittee. It may be well to point out again that Sections 4, 5, and 1d 6§ should © 
BB he: published i in a separate | pamphlet : as applying to both highway and railway 
oly bar bridges, ina form: agreed on by all the Societies concerned ; likewise, Sections 
ix Tand 8.) This leaves nd 34 only as relating strictly to. 
-- Iti is not sufficiently clear as to just what class of structures the loads are 
" a to be applied. So important a matter cannot be left to the judgment of all 
na ‘The unit stresses are, in the writer’s opinion, twenty-five years behind the 

ee times, especially — in view of ‘the inclusion of traction and impact stresses, 
which generally have been ignored in designing highway bridges. The unit 
a. B stresses given cannot be applied to long-span structures; they may not be con- are . 
sidered too wasteful f for short spans. The inclusion of impact at such large 
i ® values on all classes of structures imposes a heavy burden on the majority of Me 
ae users, when considered in connection with the low unit stresses. permitted, and be 


i This” tentative form is too exacting to be used as a general specification, 


and n not broad enough to cover all classes of highway structures, particularly Fe 
arches, cantilevers, and ‘suspension bridges. 0 However, it may serve a useful 
purpose as a basis for any special specification, bide 


the actual 1 loads that most highway bridges to vd 


$$$ 
ie * Continued bok January, 1924, Proceedings. The Final Report of the Special Com- 
mittee on Specifications for Bridge Design and, Construction on Specifications for Steel 
Highway Bridge ‘Superstructure is also se Sra in this number of Proceedings, beginning : 
Proceedings, Am. Soc. C. E., September, 1923, pp. 1391, 1393-1394 

| Loc. cit., pp. 13895, 1399. Tew, 
Loc. cit., pp. 1379, 1380, 1384, 1386. bridge 
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_ JAMES B. Frencu,* M. Am. Soo. C. E. (by letter) +—As far as concerns: unit 


a tresses, ‘shop workmanship, phy sical and chemical properties of materials, and, 


with important exceptions, details: of design, there appears little reason why 
specifications f for highway bridges should differ materially from specifications 


for railway bridges. Although this point « of view y evidently has been adopted 


in drafting the specifications: for highway bridges, certain, differences appear 


between the latter and those cov ering railway structures, previously submitted 


the Society,t which hardly seem justifiable. 
For instance, in Section 2, Article 201,8 « coverin g allowable stresses 


alto the compression ¢ on columns is determined by the came > formula, th 


lue of — to 40 corresponding toa stress of 14 300 Ib. per sq. in., whereas, 
the slightly lower limit of 14 000 lb. per sq. in. is directly fixed in the railway 


Again, in the same Article, unit stresses for cast iron are given, whieh 


those given in the railway Article 204,|| also, 


ee limiting ratios of 120 and 140 for — are used, compared | with 100 and 120 in the 
railway and i in ‘Article 3019, the minimum thickness of material 
is made in., instead of in., as in the railway specifications. 
‘Under present, conditions of heavy and constantly increasing highway 


loads, there | ‘seems to be little reason highway bridges should not be 
and built to satisfy as rigid requirements as railway and 


hough the of specifications of this kind is of 
advantage, it seems highly desirable that the standardizing proc: 
ess should proceed at | least far enough to establish a logical ground plan and 


ie a terminology whereby the writers and users of ‘such specifications shall ‘speak 


loads, unit stresses, for impact, or even in ‘negard to shop work: 
manship or grades | and qualities of steel; and if, as often happened, a bridge 


“ engineer | was asked by a city engineer to indicate the loadings « or stresses in 


common use in highway bridge design, no direct or simple reply , could be 


+ Received by the Secretary, ‘January 8, 1924 


Transactions, Am. Soc. C. E., Vol. LXXXVI- (1923), 

§ Proceedings, Am. Soc. C. E., September, 1923, p. ody yt 
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given, but rather it was: necessary to explain that both: these matters were so. 


For instance, in the specifications for steel highway the 

late Theodore Cooper, M. Am. Soc. C. E., in 1896, and revised in 1909, which, | 
perhaps, have been more generally used and are better known t than any others, 
unit stresses were » based on tensile stresses of 126 500 lb. per sa. in. for live’ ~ 
loads and 25 000 Ib. per sq. in. for dead loads, in medium steel. 

word, “impact,” was not used, making the dead load unit stress double ‘that 
for live load was | ‘equivalent toa uniform addition of 100% to the live load 


stresses, ores to ti ingsnore oxi of att 


On the other hand, in the specifications written 1 by the late -C. -C. Schneider, 
Past- President, Am. Soe. C. E., for the American Bridge Company, in 1901, 
and perhaps ranking next to Cooper’s in use and rep the unit stresses 


Toads, , in medium steel; an of all live load stresses: 

was required “to compensate for the effect of impact. and vibration”. or. 5 
Likewise, in the specifications written by George F, ‘Swain, Past- President a. 
Am. Soe. C. E., for the Massachusetts Railroad ‘Commission, “Revised August, = 
1908”, teieaie stresses were based on a tensile stress of 16000 Ib. per sq. in. > di 


for both live and dead loads in “structural” ’ steel; and additions, varying» can 


between 10 10% and 40%, to the live load stresses in various listed classes. of ar 4 
members are provided to “allow for impact and vibration”; with fur 


provision that “members which receive stress only from lateral or longitudinal — 


forces may be proportioned with unit ‘Stresses 20% | greater than those above 


_ Iti is s obvious | that these three specifications could only be compared intel- — 
ligently or fairly | by applying each of them to specific cases and could | hardly ‘Ta 
be described as written in the same: technical language. pe 
Due to the valuable work of the American Society for Testing Materials 
and of the American Railway Engineering Association and, latterly, of ‘this 
Society, there now appears to be substantial agreement as to requirements a3 
relating to the chemical and physical properties of materials. and as to what it 
constitutes good shop workmanship and good details; and ‘substantial progress a : 
has been made toward the treatment of the subjects of live loads, impact, and 


unit ‘Stresses, each on its merits, so that changes can be made under any one pes 
of these headings without necessarily involving changes in the others. _ od 
od certainly seems logical that the live loads should be selected to allow 
accurately | for the known and anticipated combinations of external forces that 

the ; structure will have to resist; that the provision for impact should b 
made to represent truly the increment of stress due to to 'the method of applying — 
the live load, over and above the static effect of the san same loads; 3 -and that the re 
unit stresses should be based on the known physical of the. mate-— 
rials used and on no other considerations whatever. 
this point of view, therefore, it is gratifying to the 


stresses proposed in in these highway are the 
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— with those most generally, used for en “structures; and although t the 


2 


physical p properties of steel mi may Justify, adoption of. higher unit 


4) The outstanding features ¥ which differentiate > highway from railway bridges 
are obviously the differences in the live loads carried and in the conditions 
lia which these loads are applied ; and these differences should be reflected 


- accurately in the clauses relating to live load and impact. d These two topics 
therefore, will be discussed in the order named. 


Loads—The live load requirements in these seem 


_unnecessarily complicated, tending to "emphasize the necessity of co- operation 


| the various efforts being made to write a a ‘specification for live loads on 
- _ highway bridges" which « can be recognized as. simple, easily applied, and rep- 
resentative, within reasonable lin limits, of modern motor traffic. 
a Of the many discussions on this subject that have appeared recently i in 
the Proceedings of the Society, those by Lewis E. Moore, Assoc. M. Am. Sor. 

* discussing ‘the paper by Harold D. Hussey, Esq. on “Proposed Load- 
ing for Highway Bridges”, and by L. H. Shoemaker, Am. Soe. ©. E.t 
discussing the “Tentative Specifications for Steel “Highway Bridges”, have 
a impressed the writer as offering the best basis for as specification ‘meeting the 
requirements stated, and it is to be hoped that some agreement may be reached 


Main Girders: On each traffic lane’ of the 


uniform load per linear foot and, in n addition, one excess axle load placed 
where - will produce the — effect, with variations in width of roadway 


each sidewalk, 80 Ib. per ‘sq. ft. for spans less than 100 a 


60 Ib. per sq. ft. for spans more than 200 ft. long, with proportional loads for 


Transverse Floor-Beams: On each traffic lane a 1 typical 


but with a suitable reduction factor for roadways accommodating more than 


Roadway Stringers, Floor- Slabs and ‘Planking: One typical motor 
truck with wheels placed to produce maximum effect. abe i 


te In regard to all these loads, it is assumed, of course, that provision would 


* ~~ made for different classes of traffic, but that the loads for bridges carrying 


Pat “a light traffic would be expressed as percentages of those specified for heavy 


ak, In view of the possibility + that a motor truck ‘may run wild and climb evel 
an 8-in. curb, it would also seem desirable to design sidewalk brackets and 
. ‘sidewalk floors strong enough to support a maximum axle load, not, of course, 


ee at working stresses, but, at least, without collapse, and a “concentrated side 


Proceedings, Am. Soc. C. E., November, 1923, p. 1810." 


Loc. cit., December, 1923, p. 2073. = proton “lf to jog. ait dy 
t Loc. cit., August, 1923, p. 1031. ite gid hoe 
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SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES 
atk load of, ‘say, 25% of the maximum truck axle load might well be speci- 
_ _Impact.—Comparatively little is known about the dynamic effect of ‘motor ; J 
yehicles on highway bridges, : and until the research work which has ‘been 
undertaken in this field has yielded more data, it would seem necessary to 
regard specifications covering this topic as purely tentative. 
It seems obvious, however, that. little similarity can ¢ ‘exist between the 


of steam railroad trains drawn by locomotives with unbal- 


effect: of the wheel loads of motor ‘with rubber tires 
running on a more or less smooth roadway s surface, i in ‘constantly y varying + 


| vil the roadway surfaces are smooth and ‘unyielding a and the tires in good - | 
condition, the impact should be practically nothing; but with holes and bumps > 

in the roadway, or with defective tires, the truck wheels can deliver hammer — 


blows easily equal to the : statis ¢ effect. of the wheel or oh load, and thus justify © 


~ Such hammer blows, however, from different truck wheels are not likely . 
to occur at the same time or to a and there would 


old type formula “loaded length of span” 
suit railway bridge practice) however modified, and, in the writer’s judgment, a 
it would be more rational to treat impact as as suddenly applied concentrated — 
load. " This point of view, coupled with the live load recommendations pre-— 
viously made in this discussion, would permit impact allowances to be made © 


exclusively. as percentages of the proposed excess axle load specified for trusses a 


and main girders, and of the ‘motor truck loads specified for the floor system. ; o- 
Therefore, it would require no separate calculation. ind 
a In closing, the writer wishes to renew his recommendation made ina dis- 
diten". of the Tentative Specifications for Steel Railway Bridges, in favor 
of the ‘inclusion vale for th the of steel beams” girders encased 
That recommendation was not adopted in the final draft of the previous a 
‘Specifications, and the subject has not been mentioned in those now under a 
discussion, but still, it seems pertinent to point out that construction of this iF 
type, particularly | in bridges carrying city streets, over steam railroads with © 
limited head-room, is bound to. be used extensively, | and that, in such cases, 
substantial economy i in the weight of the steel members can be effected without 

any sacrifice of ‘strength, by the application of entirely sound: prineiples of 
‘esign. Undoubtedly, the best way to cover this would be as par 


governing the rational and economical concrete and structural | steel 
in | combination, but until the time arrives when such a Section is added, the — 
inclusion of an Article covering this detail is suggested, at least for 
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ew hae steel beams or girders are encased in concrete and the bond between 
_ the two materials is made effective, the combination shall be designed as 2 
composite beam, in which all shearing and tensile stresses and the ang of 


3 earried entirely by the ‘steel; but in which compressive s ch 
applied after the concrete has set, are carried partly by the by iff 
the concrete, in proportion to the ratio of the moduli of elasticity of the two 
materials; the stresses in both materials to be determined by their moments off 
inertia, the total stress in ‘the steel not to exceed the unit stresses herein pre- f 


viously specified, the compressive stress in t the concrete not to exceed 500 lb. H 

per sq. in., and the modulus of elasticity of the steel to. be taken as ay - 

2 > te? 

times ‘that of the conerete.” ddd to gnibany- is 


Macintyre,* M. Am. Soc. C. E. (by letter). writer fully agrees 
with Mr, Carpenter’s contentiont that it is a mistake to establish a minimum a 


q width of 12 ft. for any type of highway bridge, as the stalling « of a motor truck 


would block single: -line traffic unless sufficie mt clearance was “provided for 
passing any any such possible obstruction. 


most important traffic bridge in the Province of British Columbia 
carries two lines of traffic across 9 Fraser River at New Westminster ; it has 


a highway width of 16 ft., reduced to 14 ft. 8 in. at the roadway surface, due to 
_an 8-in. wheel guard on each ia _ The destruction of posts and tailing by. 


overhanging fenders” of heavy motor trucks is almost daily occurrence 
which presents a a difficult problem, involving danger to pedestrians» using the 
immediately contiguous” to the highway railing. This ‘Taises the 


prem of the: necessity of a minimum m width of 18 ft. on important arteries of 
traffic, as compared with 16 fii bor te 


Standard specifications for bridge flooring and ‘pavement should 
edly be establishes y . The importance of these features has apparently failed to 


receive its proper ‘recognition, if one may’ judge by the unsatisfactory ¢ 


especially rural’ districts. On bridges too Tight for any typ pe of 
_—s:~paving, the writer has had successful results by using 2 by 4-in. or 
edge grain cross-strips toenailed to joists and secured with 7 -in. wire | 
horizontally, surfaced with a coat of paint. On River Bridge, 
 pefferved to, which is . structurally too light > for a solid pavement, the original | 


ae wood blocks were recently taken up and renewed with a laminated type of 
floor cor 


“consisting of 2 by 4- in. edge grain: -eross- -strips, supported « on timber 
stringers, and covered with an asphaltic concrete wearing ‘surface. This has 


Jasper O O. Drarrin,§ Assoc. M. Am. Soc. C, E. (by letter).|—If the proposed 


-_specificationsf, are to meet ‘the greatest need, they s should be elastic enough to 
serve the smaller localities as well as the larger ones, not only i in regard to the 


Line loadings specified, but also in regard to design and proportioning of members. 


* Acting Chf. Engr. of Rys., Dept. of Rys., Victoria, B. C., 
and t Proceedings, Am. Soc. C. E., January, 1924, 106. 
Asst. Prof. of Theoretical and Applied Mechanics, ‘Univ. Urbana, ill. | 
\| Received by the Secretary, January 14, 1924. :awolfot ea bso 
Am. | C. E., September, p. 1379. 


“7 


ard om 


I 
} 
us 
— 
= 
— 
— 
= 
— 
— 
— 
a 
— 
= 
q 


[ 


between 


ed as 3 
rtion of 
set, are 


to loads# 


artly by 
the two 
nents of 
ein pre 
| 500 Ib, 
3 fifteen 
y agrees 
inimun| 
or truck 
ded for 
olumbia 
it has 


due 


iling by. 
sing the 
ises the 
teries of 
failed to 
con- 

highway 
type of 
by 6-in. 

re ‘nails: 

Bridge, 

original 

type of 

_ timber 


Papers. ] _ DISCUSSION : SPECIFIC TIONS FOR STEEL HIGHWAY ee 


It would be unwise $0, inaiet that the rigidity of design | should | be the same for 


bridges carrying light traffic as for heavy traffic. If the different conditions of - 
use are. not considered, the smaller country localities would | be tempted to build | a 


cheap and commercially designed structures. Therefore, the e proposed spec- 
fications should include all ordinary highway bridges; any general 
sion should aim at increased flexibility. — In this connection, the: suggestion — 
of Mr. ‘Steinman,* to adopt i in modified form the plan presented by Mr. H. D. 


Hussey is s open to objection. + T his form would add a uniform load preceding . 


‘as well as following the truck concentration. One of the advantages claimed 


um ic 


is that “St would d afford ¢ a better representation of actual conditions on bridge oe A 


“roadways, where any local concentration of heavy trucks : is generally preceded 


as well as followed by vehicles of lighter weight.” — This condition will exist 
on city and other bridges where traffic is dense, but probably not on most 
‘weondary roads, and on many so- -called primary : roads. 9) Although practice 


‘should: be standardized to reasonable degree, the ‘engineer should not be 
"prevented by too rigid load specifications from using his judgment i in analyzing 


and handling local conditions, nintiss 


Comments on differ ent ‘Articles in in the specifications are as follows: 


Article 10.—Width Roadway.—It seems ‘questionable whether a clear 
width of less than 16 ft. should be specified, but if it is permitted, it should be — 


of should be as the distesies from inside to inside of | 
vertical posts. In such construction, the connection creates a partly fixed- 
end condition which seems to be sufficient to compensate for ¢ any increase in 
- span due to the bending of the vertical. With hangers, the length should be | 
taken center to ‘center of trusses. 
‘Article 105.—Concentrated Loads.— —The moments ‘produced by. the typical 


truck: proposed are smaller than. those of many trucks i in use; in his own 


"designs, the w writer is accustomed to 85 W on the rear and 
as 


wi 
= ‘Article 106. —Highway Loads for Girders and T russes. —“The trucks 
shall be placed so as to produce the most severe stresses.” diagram should 

be included to show the position of the trucks on the » roadway, with reference 


to the center line of ‘the bridge, otherwise one designer will consider two tr ‘uck 


as close together as clearances will permit, while another designer will place 

each truck in the. center of its line of traffic. It will be unusual on a bridge nk 


‘designed for two lines of tr affic, to have tw o trucks side by side moving in ‘the 
# 


same direction; the common case will be two trucks ‘moving in opposite direc- 


tions. _ This would seem to be the logical condition to specify. 


Article 110. —Bending Moment in ‘Stringers— 


pan writer is much interested. Specifications i in the past have shown a tendency 


to designate permissible stresses with great refinement, while the rot which 


D9), 
the stresses, not known with anything like the same 


* Proceedings, Am. Soc. C. E., January, 1924, p. 103. 
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SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES 

cy. This is is due, of course, to the fact t that ‘the condition 0 of con- 

a centrated loads on highway bridges is ‘a recent: development. A study of the 
of a number of highway departments shows a great variation in 
the assumed distribution | of concentrated loads, in some instances as much as 
ie per cent. _ It would seem, therefore, that this is one ‘place i in the proposed 
z "specifications \ where much discussion would be profitable, especially 80 because 
Bee.  # large percentage of the weight of a bridge i is in the floor system. Mi he 
pr “proposed ‘method of distributing the loads does not take into account 
' —— length nor the moment of inertia of t the ‘stringers. A A load supported by a 
series of long, shallow beams will be distributed to the different. beams more 


widely than when supported by a a series of short, deep beams. In the case of a 
” plank floor, the theoretical distribution may be obtained approximately by the 


~ method of multiple elastic supports.* | Table 14 gives es values computed by this 


Wir 


method. ai The value | tabulated is the load carried by a single stringer, due to 
o two wheels, 6 ft. apart, and is given in terms of percentage of one wheel load; 


oi - it corresponds to the value obtained od by the r relation proposed in Article 110, 


mes These computations involve certain approximations, especially i in the selection 

_ of the different combinations which are used, and, therefore, no claim is made 

J that they are exact; furthermore, as as only « r one plank of the floor is ‘considered 

the e effect of the remainder of the floor in distributing the load is not included. 

_ Although any individual value may not be exact for actual floor systems, yet 


Table 14 shows that | the effect of the spacing : : of the stringers is is only one of at 


Teast three factors in the. distribution of concentrated loads. 
It is impossible to express the values in Table 14 by any equation. 


The following gives a close approximation : of init 


Percentage = 160 01D d) X (24 — 5)] 


in which, of the I-beam, in inches; s= the spacing of the 
ringers, in inches ; and L= = the span of the stringers, in feet. _ In practice, 


BS = second term in the e equation will prove > to be negligible, tk thus leaving a | simple 
‘The better method, however, i is to plot the computed values asa series 
‘of curves and use these for designing, == 
: . able 1 15 gives values: obtained b by considering two trucks side by side. and 
oa 10 ft. apart, center to center, in the middle of the panel. As might be expected, 
the two trucks | give higher values in many cases, than the single truck. — 


; at A ‘comparison of some values obtained from Table 14 with some of those 

by experiment at the Iowa Experiment Stationt shows. a fairly close 
ae agreement. : This comparison is made in Table 16, ‘in which the computed 


aS were obtained from ‘Table 14 by interpolation. Other test. data in the 


aes losel h- h le apu uted by this method, 


s, but it 


4 


is suggested that, in the light of these computations and their Seay close 


_  * “Modern Framed | Structures; Part II, Structur dary Stresses”, 

¢ “Load Concentrations on Steel Floor Joists of Wood Highway by T. R. Ass 
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agreement with experiment, an effort be 1 made. to.. o.levise s¢ some > method of load 
distribution, which will more nearly approach actua al conditions than that 
given in these specifications. A relatively 1 small number of properly selected 


experiments might easily be made, which would check the equations or = 


sy Two Truck 6 Fr. Apart. FLoor 
Porting Loaps . AssuMED as ONE 3 BY 12-IN. PLank. 


(Values Are Expressed a of One Wheel 


of 7 SPACING OF STRINGERS, IN INCHES. tie! 


52.0 


— 8 Beam TRIN 


3 55.8 


distribution of loads’ through concrete slabs to stringers is “difficult 
determine theoretically, but a study of tests already made induces the writer — " 


to believe that the values given a by the formula, —, are too high for values of Ss 


greater ‘than 4 ft. Where | ‘there are five stringers 6 ft. apart and | two con- 


Cntrated loads are placed directly above the interior stringers, it does not 
"seem probable that the adjacent stringers will fail to support any load. ‘opment 


Article 201. —Unit Stresses —tThe formula proposed for - columns seems 


be j direction opposed. to the trend of the times. allows higher 


a, 
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51.000 
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for low values of — 3 and lower stresses f for high of than the 


formula proposed by the American Railway E: whi Rasbapiten! or that of 


tava" 
the Special Committee on Steel Columns and Struts 


Article (801 —Thickness of Metal. —The 1 minimum thickness of 


steel in. should be qualified 80 as to use of standard channels 

stich have a web thickness of less amount. 

Article —Plate G Girders. —There should be a statement as to the area 


to be used in computing the | section modulus, whether gross area or net area. 


Article 418.— -Web- Stiffeners—This Article should require, a bearing of 
the web stiffener r against the flange which supports the concentrated load. —— 7 


Henry W. Trogtson,t M. Am. Soo. C. E. (by letter).t—There are a | num- 
ber o of requirements in these specifications, § that, while desirable i in themselves, 7 


seem to be v unnecessarily severe, and that will add. to the cost. without any cor - 

responding benefit. The development of highways is always limited by the | 

funds available, and although it is not desirable on that account to use bridges 

of cheap or r unenduring construction, saceisontieae should permit every rea- 


to the full length of the girder., “This is to the almost universal 
practice. The : same Article requires other cover-plates to be of such length as — 
to allow at each end, beyond the point theoretically ‘required, enough rivets 
to enable the plate to take its proportional part of the total flange stress. The 
Railway Bridge § Specifications|| submitted by the Committee provide (Article 


825) for only two rows of rivets at each end beyond the theoretical point, 


and girders designed. on that basis have been satisfactory. There is always” a 
tendency for the end rivets of a cover-plate to be over-stressed; a lengthening aa 


of the cover- plate results i in a slight decrease in such over- -stress, but does not 
Temove it unless the cover-plate i is made full length. The writer believes that 
if the plate is made 1 ft. longer at each end than the theoretic length, and close © 


rivet spacing is used at the ends: until the strength is fully 


Article 312 requires compression members to be fully spliced, 
allowance for milled ends, whereas the Committee’ 8 Railway Bridge — 4 
tions require only a a 25%. splice in built chord members. The requirement of ; 
full splices is not only unnecessary, but results in cumbersome details and will — 
fometimes i increase the lateral dimensions of 1 members to such an “extent as 
to affect adversely the ‘economy of the. design. 1 In this” ‘connection, attention | 
Bie also be called to Article 417, which implies ¢ that, in some cases, milled a 
are to be used to transmit compression. ti 
The provisions concerning counters and members subject to reversal 


stress‘; are evidently based on the fact that, in the past, the life of bridges has ae 


* Transactions, Am. Soe. C. B., Vol. LXXXIII (1919-20), Pp. 1583. int “4 
Asst. Engr., Am. Bridge Co., New York, N. 4 xf 938 


t Received by the Secretary, Feb uary 4, 1924 4 


Proceedings, Am. Soc. C. E., September, 1928, p. 1877. pave 
Soc. C. E., Vol. LXXXVI (1928), p. 471. 
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been limited by - the inadequacy of these members. _ Previous practice in this app 


Yo 
respect has been to. use a uniform load with, perhaps, a uniform impact allow. of 1 
ance for all members; to make no increase in the sections of members because ff adj 


of reversal; and to make r no provision for : future i increase - _ eave i for 
specifications differ from such practice four ways: 


t Th 


~ 


2. —The impact: as ‘the loaded. Jength 


2918 Jon odd ai bosn ad 
Members subject to reversal of stress have ‘the stress of each char. 
acter increased. by 50% of the ‘smaller stress (Article 120). 


Ste with a 50% increase in the unit stresses (Artick | ter 

108 ‘The first two of these provisions | correspond in a -géhiehats way to the actual 
effect of the live load | and impact, ‘and should be ‘retained. The provision for. Cc 

_ inereasing the size of members| subject ‘to reversal of stress is a relic of the 
days when bridges were designed on the basis” of the fatigue theory. The 


ims occurrence of maximum loading on a highway bridge applied so as to produce 


maximum reversal of stress in he web members is “infrequent requires 


“Article 120 of subject: to reversal, , however, are liable to 


become Toose, especially where pins or bolts are e used, and the rule given might of 


= 


Srey a 


s not apparent, why ‘the Tending should be increase 

e unit stresses only 50%, and why | the increased loading g should T 

‘5 be used hy for counters or reversals of stress. _ If it is desired to obtain | he 
balanced design under | an anticipated future i increase of live load, or to provide 
for the occasional passage of "unusually heavy loads at an increased unit stress, 
= whatever loads and unit stresses are adopted should be applied to all members 
of the structure, including the floor, and not “merely to counters or members 

— subject to reversal. As it now stands, Article 114 w would increase the mem 

ies, bers to which it applies t o an extent not warranted by the size of the other 


ae. ‘o ST Article 113, the term, “floor- beam hanger”, > might be be interpreted to mean 


either a hip vertical, or a member ‘suspending a: a floor- beam from a bottom chord | 
pin. In either ‘ease, there | appears to be no reason why such a member should 
be designed with a larger impact allowance than the floor-beam itself. is 
nie possible that this requirement is intended to provide for bending stresses in 
the floor-beam hanger; if 80, the e proper procedure would be to’ estimate th the 
hg stresses and to design the member accordingly; 

Article 118 p 18 provides } for a longitudinal force equal to to 10% of the wweigli i 
of an electric railway train. The writer would like to know whether this per 
A centage has been | derived from | steam 1 railway practice or otherwise. ( On steam 


railways, the brakes on freight cars are ‘usually adjusted so as not to lock the 
els w when the c cars are This results i in a low friction coefficient when 
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in this applied to the loaded train. On interurban electric cars , however, the 


ct allow-Mf of the empty cars is a large percentage of the total w eight: ‘and the brakes are 
because adjusted to utilize about 90% of the car weight. © As a result, the longitudinal 


The from braking may be as much as 20% of the tr ain load. 


a “In Article 201, the allowable stresses are expressed in in  “kips” per : square na 
ncreases The term, “kip”, is perhaps fairly well known in the United Sinies' but ro 
specifications will be circulated and studied in foreign countries, where Ameri- 
nereases can ‘colloquialisms are not understood. A 1 man in ‘Argentina or Australia or 
ail Japan, if he tried to look up the word “kip” in any English dictionary - would _ 


ch char find ten or twelve definitions, but not “one thousand pounds”. If it is impera- 


tive to use such a word, it would : seem advisable to add a note giving its mean- 


“bh lo ing. In Article 203, it may be noted, the specifications revert to the more usual 


(Artide terms of “pounds per square inch” “ig 

yi ___Article 201 provides that for cast. steel shoes only 80% of the allowable 


‘unit stresses for structural steel : ne Il be used. ‘This: is more severe than the oo. 


e actual 
sion for Committee’ e's Railway Bridge Specifications, which allow as s high stresses for om 


the cast ast steel as for structural steel. In 1 view of the satisfactory behavior of cast 


The ‘steel shoes, these higher permissible ‘unit stresses should be amply safe for 


uce 


requives In Article 203, ‘phrase, hen unsupported length of the 
exceeds twelve times the flange width”, might well be omitted, noting that for _ 


ation of 
liable to Short unsupported lengths | the compressive stress is limited by the provision oe: ; 


n might of Article 329, namely, that the g gross section of the compression flange shall 
not be less than that of the tension flange. 


"i ‘Article 306, on net sections, has been ‘submitted to a number of engineers — 


ievddial and bridge draftsmen, who find difficulty in | agreeing as to its interpretation. _ 


should writer would. suggest that the second sentence, 
provide ae “The net iat on a zigzag line passing through two or more rivet holes — 
't stress, [— Shall be determined by deducting from the transverse section one hole for _”: : 
embers first rivet. and a strip of width, w, for each succeeding rivet, as given by = Rl 


to na width of strip to be deducted ; 
should = stagger, or longitudinal spacing between the rivet | in 


and the next preceding rivet on the zigzag line; 
. itse g= = transverse spacing, or the distance between the gauge lines of the | 
esses ID | og cae rivet in question and the gauge line of the next preceding rivet © 


4 ih Article 308, the use of the word, “plates” , raises the e question 1 wheth« 
the thickness | of a angles o or other shapes is to be included in determining the 
his maximum length of rivet. et. Why not say “the total thickness of metal”, or 


lock the = Atticle e 322 ealls for bottom lateral bracing in all bridges except I- inne 
nt when spans, Tt / Seems unnecessary to provide bottom bracing in in short deck plate ae 
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girder spans which are provided with intermediate cross- 


is not required by ‘the American Railway Engineering 


Specifications for railway spans of less than 650 ft. Moreover, “specifica. 
tions take no. account of the bracing effect of a floor 0 of solid concrete or of 
buckle- -plates. ‘When such a ‘floor is properly arranged to resist lateral forces, 


there i is no need of additional bracing i in the plane of the deck. x|)> ese i Ae 


e 7 a In Article 328, the phrase, “provided the web i is p properly spliced to transmit 


its bending should be omitted, ‘since Spheing. is cealled for in 


‘as welll as the top rail, to designed to resist a transverse horizontal fore, 
| Where the railing is s attached directly to the steel work, there should also be 


_ some provision for adjusting the alignment in the field, 80 that the top rail 


hig OY 420° is ‘entitled “Pins and Rollers”, but the Article itself deals 

entirely with pins, and makes no mention of rollers. 
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PERIODIC 1 FLUCTUATIONS: OF RAINFALL pees 


By L. STanpisu ALL, Assoc. Am. Soo. C. olt wi 


Sranpist Hau Assoc. M. Am. Soc. E. by letter). {The author's 


i 
ttempt to show a a periodic cycle i in rainfall by means of Hawaiian records is 
+ Ai “This cycle [3.7-year cycle] is so prominent in Hawaiian records that its 


accidental discovery was the mediate cause of the study ‘preceding 
paper, and the preliminary compilation of records and comparison with 
Bigelow’s curves, the adoption of years (or as its” 
As the entire study is based largely on the adoption of this cycle, 
would have been interesting if the reasons for selecting this : particular period. . 


‘The apparent sequence of this cycle may well be within the probable varia- 


tion of the rainfall. Statistics which are ‘subject to variation, are naturally, 
subject to cycles or periods above and below the mean, and if a short period is 
4 the data may appear to follow a a definite cycle. . However, with. 


>, 


longer period, 
in experimenting w with “artificial formed drawing from a 
numbers found in ha frequency series. It will be noticed in Fi ig. 68 that the 


cycle derived from the 36-year record is much less pronounced than that 
derived from the 16- “year record, hasty comparison of Tables and 


will show that there is usually a . wide range in 1 the rainfall of months having i 


the same cycle number; for example, Month 1 in anuary, 1900, -hasaminimum 


‘Yainfall of 2.46 in. and a maximum | of 13. 07 in. in ‘February, 1911; Month 8 
has a minimum in n August, 1909, of 2.45 in. anda maximum in March, 1902, of - 


_ The author’s criterion for the statistical proof | of the « existence of a ¢ cle, 


the: results of which are given in ‘Table 9**, is inconclusive: in nearly all cases, a 
“the variation from unity is within the 


ak Referring to the forecast ¢ of rainfall given | in Table 114, the ‘improvement 9 

~ made i in the estimate by ‘using: the cycle i is only slightly more than that obtained ¥ 

using monthly averages. In fact, the improvement is small that it 


Discussion on the paper by Joel Cox, Assoc. 


Asst. Engr., H. Haehl, San Francisco, Calif. 
Received by the Secretary, January 17, 
Proceedings, Am. Soc. C. E., 1923, 
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would hardly seem to warrant the large’ amount of labor involved in making» 

j ‘the estimate by this method. _ ‘The reason for this small improvement is easily 

explained. In Fi ig. the frequency curve for the month | of August, 1923, 

a for the East Maui water-shed is shown. This curve has been lowered below the a 

nor curve for August to allow for the cyclic influence. It is evident ‘that 
the: possible - range in variation of the ‘rainfall for this corrected. curve is nearly 

b as great as for the normal curve; in other words, the residual influences affect- 


' the variation in the rainfall for this month, which cannot be accounted for 
the assumed -eyclic influence, are ‘much larger, than the correction which has 


— been applied. A frequency distribution will only show the range of variation 4 


of the function involved, and there is no means by which the value of 
te “function to be expected at any specific future date can be determined. If a 
e 


a 


_eyclic e correction could be determined, which would eliminate a large p percentage 
of the unknown causes of variation, estimates made by the author’s ‘method — 
“would be a great improvement over r the method of averages, "Unfortunately 


The author’s method of filling ‘out t short. term by with 


ian s method of smoothing out the records, as used in Tables 7,f and 8§ is | 
somewhat ‘different: from that used in Table 6}. In Table (6, five 


‘months are involved i in the computation: of the smoothed average, whereas, in” 


Tables 7 and 8, seven ‘consecutive months are used. .bobteq 


« 


Proceedings, Am, Soc. C. E., October, 1923, p. 1717. 
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GOMPARATIVE TESTS) 


T? ¢ het vt 
XPERIMENTAL DRAFT-TUBES 


¢ 


to hydraulic engineering, representing one more step toward the 


solution of the: draft- tube problem. to 


that the : addition of ¢ raft: tube the effeieney of ailing 
plants. ‘Therefore, draft- tubes have been considered an essential part of 
Several fairly complete and tests have been conducted 
efforts to determine the > most efficient shape and proportions of draft- -tubes, 


a 
all of which have thrown : some light on the subject and influenced subsequent 


; designs to some extent. Tt : appears, however, that : none of the investigations 7 
in obtaining all the measurements that designers need. 1 


of laboratory tests was conducted under ‘the direction of Mr 


V. M. White, in Milwaukee, Wis. , in 1913-16, the results of which ‘were pr 


in a paper§ before the American Society of Mechanical Engineers, in 
May, 192 ot As a result, the Niagara Falls Power Company made further 


vestigations 4 which ultimately, led to the use of a certain type of so- called — 
_ “Hydraucone Regainer”, which is reported to have indicated a net efficiency 
= of 93 per cent. It would be interesting to have the tests. of the v various types = 
b of draft- tubes 1 made at Niagara Falls and the subsequent experiences s presented 
for comparison the discussion of this ‘paper. 
Some European engineers have ‘developed a theory of draft- tube design 


“2 based on the assumption that there i is stream-line flow parallel to the | axis of - of 


4 of the elbow type. Although ‘there i is no certainty as to 1 the conditions 
“J 


the draft-tube at various gate- openings, it is known that the actual conditions 4 


the draft-tube. ‘This theory is then applied whether the tube is straight or ro : 


do not even approximate the foregoing assumption. That whirl does. exist, 
ot can be no doubt ; and there is reliable authority indicating that » the the 


whirl is in the direction of the rotation at the periphery | and, at the ene 


This discussion (of the paper by C. M. Allen, M. Am. Soe. C. and I. A. Winter, 


“Bon, published in Proceedings for November, 1923, and presented at ‘the meeting of the | 
- Power Division on January 17, 1924), is printed in Proceedings, in order that the a. 
expressed may be brought before all members for further discussion. 

Prof., Hydr. and San. Eng., Lafayette Collage, Easton, 18 tind? bas 


Received by the Secretary, December 4, 1928. 


q ™ §“The Hydraucone Regainer, Its Development and Applications in Hydro- Electric a 
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| TESTS ON EXPERIMENTAL DRAFT- TUBES 
time, in iia opposite direction near the axis and that the flow is not even 

A approximately axial, when the: speed of highest: - efficiency obtains in 

types of high- ‘speed | runners. ‘Some designers have ‘erred seriously in not 


3 taking into this important factor. eon 


ur The principal problem in draft- tube design is to tain gradually the 

water which has two types of velocity, axial and whirling. To accomplish this, 
_ the writer believes that the tube should have a straight axis, a prolongation of 

_ the axis of the runner and that the inside surface of the tube should be conical. 

water emerges from the runner a whirling mass, the axis of 


of which i isa prolongation of the axis 8 of ‘the 1 runner, and any attempt to change 


ent loss, of, energy. Before the anion of flow is changed, the ‘velocity of the 
aoe must be reduced in a tube of geometrical cross- section, t the axis of which | 
is a straight line, the prolongation of the axis of the runner, oie long, straight, 


a tapered. tube will’ fill this requirement which is important to a designer in 


ai laying out the Tint dowel ait ad 


‘ _ The argument against a straight tube is, of course, the excessive excavation . 


or the necessary length of tube in a horizontal plant; in short, ‘the e ost. For 
- this reason, recent tube designers have been prone to turn the water. at vit 
angles to the shaft: The tubes. tested by the authors, and by ‘other 
European American. investigators, are ‘particularly ‘interesting in» that 

the. water at right angles to the shaft abruptly and still develop an 
efficiency as high as can be expected from. a. well proportioned, straight tube, 
he «At present, the public interest in hydro- electric development seems to | be 


as 


imminent. The results” of ‘series of tests on: this subject are of vital 
= interest to hydraulic engineers, _ Those who like the authors have been engaged 
in research work of great. importance to the profession and have set forth the | 


ee 

results of their. investigations | completely and s impartially as in this 

paper, ‘merit: gratitude of the profession. Soning 


HL A. M. Am. Soo. 0. _E. (by letter).+—The tests made by the 


authors ¢ on twelve model draft- tubes represent an ‘important addition to ‘present 


knowledge of draft-tube design. ‘Inasmuch as the tests related to a | 
wheel installation, the paper must be ‘regarded as an important pioneer wet I 


rather than as a basis for drawing general conclusions. 
this ‘particular ease, the tests brought out the following points: 
Bre vi ke it WORLD 
obient —The decided superiority, of the newer -draft-tube designs over 


j a mAte8 i _“quarter- turn” type ‘so widely in use a few years ago. 


comparatively large changes i in efficiency resulting from small 


= modifications i in the outline of 3 a particular type of tube. 7 ; 


7 he apparent advantage of a high central cone with types of tubes 
Yo which permit its use. be fied iden 


os Fy The tests were apparently made with all the care and refinement necessary, 


and their accuracy is not questioned. It would be interesting, however, to have : 


*Hydr. Engr., Stone & Webster, Inc., Boston, Mass, 


increasing, and. the probability. of. a more active construction era appears 
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pnitere of the method used in computing effective | head on the wate 
_ wheel. if It is stated* that the effective head was measured directly by. means 


“of a gauge which indicated the difference between head- water and tail- water 


_ The new test code for hydraulic power plants. of the American Society ‘ot 


Mechanical Engineers apparently does not require the deduction of velocity 


head at exit from the draft-tube. If: these tests were made i in conformity with 
new code, it should be stated, this code i is not recognized at present 


2 studying the effect of the discharge area of a draft: tube, 
as shown i in Fig. 24,¢ the consideration mentioned is of some importance, inas- 


iil 
341 


much as the velocity head’ vat exit, for the smaller discharge areas, becomes 


i These tests open an interesting field, and it is to bé hoped: that. such _ 


ean be’ continued. is suggested that valuable data could be secured by 
at a similar series of tests on the’ same tubes, using a runner of widely 4 


Pp. Assoo. M. Am. Soc. Cc. E. (by letter): §—This paper is of 
excellence, because it completely and tells the story of the tests. 
‘It is difficult to discuss and add to it unless data pertaining to similar tests at 


The writer wishes to stress the second paragraph of the Synopsis, which 


the authors point out ind fact that this ‘paper records the ‘results of one <r 
problem, and, 
draft- tube design. science of hydraulic design gn has 


al 


80 rapidly i in the past few 3 years, , both in ‘respect to: size and to efficiency of { 
+ 


units, that it ‘is ‘not surprising if the study of this accessory—the draft- tube— 
have — behind. q ‘Tt; is to be hoped that those i in a position to make 
4 the’ of units. He Has’ had’ ‘opportunity to 
observe. installations where marked increase in output can be obtained © by 
_ making” slight, inexpensive changes i in old units, ‘principally by the substitution ve 
of runners of modern design for the older ones. ods wth 


; al The name, “draft- tube”, handed down from the early days of ‘tarbine design, ae 


‘does not’ convey a complete idea of the true funetion of this accessory to the 
es turbine. It is, of coursé, used in part as a ‘chamber | or tube where the a 


Pressure is below atmospheric, 1 in order "that the ordinary turbine may be set at 
convenient elevation as regards its construction: ‘and operation. This fune- 


Designing Engr. Ry., “Light & Power Co., Portland, Ore. 4 
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48 : : TESTS ON E EXPERIMENTAL (Papers. 
tion of the draft. appears to be. indefinite when one considers that 
eels, at high tail-water stages, are e actually ‘submerged, and that others, 
Fad account of the high velocities obtaining immediately below the ‘Tunner, must of = 


ae necessity be at such an elevation that there i is little or no “draft” head. The 


draft- tube might, with greater accuracy, be called a “decelerating chamber”. af ‘ 
wi As it appears to the writer, the real function of the tube is the ‘efficient 


"change of velocity head as it. ‘leaves the Tunner to static head, 
capable of doing useful work, ot 


It is probable that a study could be made of draft- 


curves showing rate of reduction of “velocity -head” | energy in yar dratt- 


based on of actual or experimental tubes. Leaving the true 
Weoir 


er 9b 
” head out tof the problem, it should be possible to determine 


of 
al 


ps of such curves, ‘which, in turn, “would determine the shape of the “flare” 


y writer - appreciates the fact. that partial data pertaining to these ques- 


“tions are available in the authors’ paper; it is. impossible, however, to draw : any 
such | curves as those mentioned without the complete dimensions of the tubes, 


CLARENCE M. Westox Assoc. M. Aa. Soo. C. E. (by letter).t—In making 


: a study of these tests with special reference to their bearing ‘on the design « of 


a the simpler forms of the elbow type of draft- -tube, several questions have arisen — 


which the writer would like to bbs bie ob ei) 


; ee is assumed that the net head of 1 ft, » as used i in plotting the final results, 
is the difference in the elevation of the head-water and tail-water. | If to this im 
correction for the velocity head at the outlet of the draft-tube is applied in 


pein tt with the definition of the net effective head on a unit, as given in 


the testing code approved by. the Machiner y Builders Society i in 1917, it will be 
_ found that for the draft-tubes listed as Types L-5 and M, the net effective heads ~ 
would be 0. 990 and 0. 998 ft, respectively. _ The maximum efficiencies for these 


draft-tubes as taken from the test curves is 86.7% and 87. 5% ‘dividing 
; th hese figures by the ratio. of the net. effective heads to the net. heads as used, 


gives 87.6% in each case. In other words, when using the net effective head on e 


the unit, as defined in the code mentioned, the efficiencies of the t two. draft- 
tubes are ‘the same i? arti 


01 TR writer would like to ‘inquire if there is any thing i in these tents to inf 


as one of Pvp pe e M in cases where the runners can be set a little higher above the 
tail- water, thus providing space for a draft-tube similar but larger— —one 


which ‘the velocity head ¢ at the outlet would be about the same as with that of 


turbine ring to the ‘larger tube. att he 
aaa Type M isa relatively wide tube, which factor would often determine ‘the 


spacing of the units in a “power- -house, whereas ‘Type L-5, even after increasing 


the Secretary, ‘December 27, 1928. 
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the outlet area to equal that for Type M, would only OWS a spacing: of ahoet 
¢ In the case of Type L with which tests were made to iia the in 


of flaring sides j in the horizontal section of the  draft-tube, it will b be noted that 


in all cases except Type L-5 the flare i is more than + and that the loss due to the 


flare is greater than the head regained by the reduced outlet velocity. - Although 
i _ the variation it in the efficiency is small, yet it would tend to confirm the old 
assumption that 4° ‘is about the proper limit of horizontal flare. 
Referring to the Type E draft-tube on which tests were made with 


without an extension on the discharge end, it is interesting to note | that with 


of throat, ‘after. correcting for the difference i in the velocity heads 


‘the outlets, th the efficiency is the same or not the extension is used. his 
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is noticeable that all the draft-tubes included in these tests are sym- 


ae metrical ak about a vertical plane passing through their center r lines and | do not 4 

a. ; conform to the action of the water as it t passes ‘through. Ast the water leaves 

a the turbine nee it has a 2 whirling motion which is not entirely 0 —. 


has been observed i in 
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of both the elbow and the spreading types that the water con- 


Ee siderably faster on one side than on the other, and, in some cases, actually ‘flows 


into the draft-tube on one side. This would indicate that even greater, 


efficiency may be expected when a design is evolved which conforms more 


i 


te ~ With this thought in mind’ and realizing ‘the i increasing importance in the 
‘Gavelldpaiieii® of the high-speed runners of regaining as much as possible of the 
velocity head contained in the whirling water, the writer believes that a draft- 


S - tube embodying the principle of the scroll c case in ‘reverse form would be one 


4 of the most logical and most promising types for futu re study and experiment. 


Although various studies have been made on draft- -tubes of this type, the writer 
7 has | been unable to obtain definite information regarding a any ‘that have been 
ona working basis for vertical units. 


A 
uae A spiral draft-tube similar to the one shown i in outline on ‘Fig. 30 woul 


= the water after ‘passing through ‘the short vertical ‘section to be dis- 


_ charged tangentially, thus conforming to its natural ‘direction of flow. sae 


This type would not the struc 


» and would easily permit of any variations in area that might be required 


of the spreading» 


establishing a uniformly velocity. fact that the exeava- 


som 

a 


uw 


Bap 


Q 


4 
— 
— Bim 
cons 
usec 
prot 
opi 
tural Gisadvantaces | ft. 
tior 
a dvantaces wonld fi to its reg] 
the 
0 
— 
sh 
— 
— 

— 


Discussi 


B 


t 


|. Lewis M. Havupt,t M. Am. Soc. C. E (by letter). t—The author i is t 


congratulated for the thorough manner -in which he has reported the methods 


a 


used and ‘results ‘obtained i in this particular case illustrating the ever- present — 


problem of shore protection, concerning which there are so many 
moe 


e Ih this solution. there i is provided a total barrier of 42. 75 ft., of ae 27. 25 P 


ft. is below 15.5 ft. ‘above the surface of the sand, under normal condi-_ 


tions. The crest is 29 ft. above mean high water and the radius of the curve 


is 7.5 ft., giving a ‘slight overhang, at the coping of the parapet, which i is 35 
tt. high and 2.0 ft. thick at the pavement level. This is the part which must 
Tesist the shock of the ‘storm ‘waves: when driven by onshore winds. No man 


can foretell when or how this defense may be attacked ; it must be left for — 


To this end, reference is made to a digest§ compiled ay the Pan- ee 
Congress of 1915, held at ‘Washington, D. C. ba! from which a few statements 


are submitted. Regarding erosion of the New J ersey coast, ‘it is stated : 

geneeal plan has been pursued and no general protection has 
tee but great damages have been done to the buildings and properties — 
behind the bulkheads. | _ More and more the beach has been receding * * ° ae 
so that it was concluded that the structures were wholly inadequate, were 


ey: designed, and, in many cases, actually aided in the coast erosion.” 
* 5! - Referring further to a type of work at Revere Beach, Mass., whieh i is sim 


lar in design to that described by the author, it is stated: 


“This: consists of. a flight of “reinforced concrete ‘steps 30 ft. wide and 


‘tried. ‘to preserve which is adjacent to the 


shore, but they have decayed rapidly and could withstand the force 


i further quotes from the late E. Corthell, Past- President, Am. 
C. E., as to the Holland dikes | on the Tsland of f Westkapelle, the details 0 
“which are cited i in this discussion, ‘ond 


| 
Fr * Discussion on the paper by M. M. oO’ Shaughnessy, M. An. 

5 t Received by ‘the Secretary, November 24, 1923. 


§ the late B. F. Cresson: Jr., Am. Soc. then Chief Engineer, Harbor 
vor » State of New Jersey. 
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Sih ae policy has been to use only one dike, keeping it as close — sea 


ei possible, resorting to a second line of dikes only when every other means 


have failed. In 1682, the dike was broken and the sea flowed in for five sue- 
cessive tides before it could be repaired. * * Conditions recently have 
been more serious owing to the constant deepening of the sea bottom at 
the foot of the dikes. * In stone weighing carrigl 


Fig. gives a graphic view ‘the situation. of Zeeland, 


concerning which it has been ‘stated,t “Even these groins have not always 
successful as some sections of the coast, although protected, have con: 
tinued to decrease.” Tt is | also officially: reported ‘that both high and low 
foal groins had little value and that a new system was introduced as the situation 


as “becoming very serious, and in 1898 t the paving was introduced [Fig 


ae 


14), which proved more effici ent, ” but was expensive “The groins were 600 m. 


—_ built of piles and stone, but they had to be renewed every” 5 or 6 years 


o that reinforced concrete had to be substituted, but it cannot be used every 


wher 

Yoru ‘It is ann stated that the inner parts of ithe groins were built of concrete 


and the outer of . fascines and poe ty ayy 1915, the land end of some was 

washed out: by the tidal currents followed by the undermining of ‘the con: 

crete layers and the breaking down, of the w hole construction.” 


- che Bs it has been recommended that ‘ ‘bulkheads seaward of the high: -water line 


Sig 

not be permitted, for urgent reasons,” yet the experience on 
T 

many ‘coasts indicates that even when placed on, or landward of, that loca- 


Douglass Great Britain, 
wih sea by building 


cone rete at first 20 ft. “deep, and, a one, 30 ft. deep, both 


Try & te % cor’ 
of which were destroyed without any apparent reduction in the rate of ero 


sion (Fig on. th other hand, _ where an offshore sea-y -wall was built at 
Ain pier and harbor, connected with the shore by a | 


advanced the 


_ _ The sea-wall at Galveston, Tex., designed by a board of three most “compe 
tent e engineers, was placed on ‘the high- -water line, ‘and was founded on a tik 


lage, ge, above which it rose 16 with that the seas y would never 
sa surmount it; yet, they have swept across the island and destroyed a part of | 


connecting causeway (Fig. 12). A number of spur jetties were built of 
timber and rock, all of which have been destroyed, | and. ‘the footing of heavy 


has be to protect toe (Fig. 14). — 


* From the detcription of Joseph J. De Kinder, E., of entitled Gardes 
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waves beating on 


on COAST EROSION IN, 
- =: GREAT BRITAIN 


iol ise y ent 


front will be found at Coney Island, Brooklyn, N. Y., where a series of | 
jetties. were placed cat intervals. of 600 ft. They are about 300 ft. long, the 
” tae portion being made of a double 1 row of lapped piling and the « outer ends, 
for about 200 are built of stone rising to 2 ft. above high tide and are 
10 ft. wide. i The water at the outer end i is 15 ft. deep and the width of base 7 


is 5D: ft. ‘The stones range in 100 Ib. to 10 ) tons. The sand was 


ot 


6 Drain dele byte, a ‘GALVESTON SEA WALL 


Ay yd} to. hat on act Avsta Begun October, 1902, 


1886 


‘paid: to have ward 
ewes to ‘the seiirdwadh and to have caus ne | 
beach was “deposited artificially, the was not by the 
method of construction, but by the resultant. of the physical forces, thus 
< furnishing an interesting example for the solution ¢ of this ever present probe 
lem. (See Fig. 17. ) The ‘great. ‘popularity of this resort and its proximity 
to the dense population of New York and vicinity have fully justified t th 


See, “ “Coast Erosion and Protection”, by E. R. Mathews, 


“Br + Additional information on the reclamation | of the Coney Island beach may be found in ~ 
_ the report of the Brooklyn Engineers’ Club of 1914, , published in response to a competition 
"= t for prizes offered by Mr. Alfred T. White, which it would be redundant to repeat in this dis 

 Cussion, yet, it would seem that the wae is still open for-further consideration, as to the 


s = 


| 
 Papers.J_ piscussion 
— py other instances might be cited to llustrate the force Of the 8 
4 a resisting barrier located at or near the high-water line 
Another instructive example of the effort to reclaim and extend the beac 
250 ft: and to 
amount of 1700000 cu. yd., to advance the water-lines about 25: and 
provide a bathing heach coaward o he hoordwaltk 
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“Fundamentals. —The elements. which | enter into the changes which are 


- taking p lace on the seaboard are the winds, waves, tides, and— currents, oper- 
= or in concerning which V William ‘Cullen 


“These surges eat away the 

earth’s old continents; the fertile plain 
Welter in shallows, headlands crumble down, 
ss And the tide drifts the sea-sand in the streets 


In ‘the discussions before the of Engineers, the expert 


Pe % “The object ‘of a sea- pak” ‘should oi be to arrest. the impact of the waves, 


but to form a barrier against which the shingle, ‘sand, or other drift along 
the coast might be arrested and so become the real protection. A sea- “wall 
is not a true remedy but only a palliative, by a harder material 


a As man is impotent. to control the activity of the. forces, it rer remains for 

m to select and place the materials best. adapted to resist their injurious 


effect is. For this purpose it is frequently assumed | that. rock, being heavier 
and more durable than other material, is the best, vet its serious 


objection and t 


The prophet Jeremiah clearly indicated the best | barrier to th 

encroachments of these physical forces when he wrote:* 

“Fear ye not. me? saith the ‘Lord: will” ‘ye not tremble at my presence, 
: bs _ which have placed the sand for the bound of the sea by a perpetual decree, — 


. as. that it cannot pass it: and though the waves thereof toss themselves, yet can 


they not prevail; though they roar, yet can they not pass: over 


As sand is mobile and readily adapts itself | to variable ‘conditions, it is 


necessary to create shelter or basin to entrap and hold it, that the 


impact. of the wind-driven wa “waves may y be checked and the arrested 


this is practicable is “demonstrated by r in Nat 

. as well as by n many wrecks along sandy coasts which have rapidly made beach. 

Strategy. —As in military operations it is necessary to understand the 

- movements of the attacking | forces and. to: ‘ decompose them, so in the physical — 

ithe policy should be to locate the resisting barriers 60. as to prevent 
a diréct charge over 

Be Henee, it. is unwise to locate the 

work directly on or. ‘within the high- -water line, where it must receive 


the full: force of the drives waves, as is so. strenuously 


= 


“tarded before it over. lines, by’ using offshore. barriers 


such forms as resolve the wv waves. into. their. components and cause the 
_ breakers to cushion on the water instead of on the sandy sloping. beaches, ae &, 


= creating a lee for the. protection ‘and deposition of the sediment with — 
pi cha rged.. to ‘ataen aad eff fo 
ecome charge doidw sitdW .T boliA aM 
* Book of Jeremiak, Chapter oe: 
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in enceinte may co-ordinated to arrest 


the progressive | drift and i nd it. - This involves a study of the general 

direction of the coast contours v with reference to the angle of tidal approach, 

j and the slope of beach, also, local features, such as the ‘proximity of inlets 


ee capes and the of the materials i in place, whether rock, , meadow 
sod, coarse gravel, ‘shingle, or sand; but the most important factor in the 


" swith a knowledge these elements, the protective 


works: may be ‘prepared with reasonable "Promise of success, as will ‘seen 


for ye ears, and yet in which | no stone nor brush has been required, although, 


- 


in some. instances, , they have ‘been used by contractors to make assurance _ 


| The Testimony of Nature. —There is no 


fects of these forces than ‘that furnished by Na ature; - no verbal descriptions — 7 
ean portray tl them 80 well as ‘graphic demonstrations giving the environments. 


faa 


has arrested ‘the northwardly drifting sand on its windward flank, denuding 


the leeward. ‘side and causing the surf to ‘cascade over, thus washing down — 
the sand 1 to be ‘driven, again to the next jetty. By such a series of hurdles, — 


the drift traverses the shores giving little or no protection from storm t tides. 


Figs. 19 20 indicate the futility, of. to check storms by 
wooden pile bulkheads, which, in many instances have been. ruptured and 


dwellings | undermined and destroyed. At ‘the south end of this beach, at Reho- 


both, Del., Fig. 21, a wrecked barge was stranded seve 


created ¢ a large deposit « of sand and held it to date, as has frequently happened — 


dlsewhere; it constitutes an offshore barrier to create a lee and check the waves. 


The east coast of England has lost about three ‘miles since i 


Mf 


‘the protection of its littoral i is not a function of the Government, but of the 

riparian. owner. “Moreover, “it is stated that: 


one portion of a beach was protected by jetties the immediate result — 

‘vou ld be the denudation of the portion to leeward, yet it would be improper 
for a seaside resort to let the beach sand drift by, merely because by retain- ee 
‘Thus, although the injurious effects of the ‘normal, tight jetties are recog: be 


nized, until ‘recently, there was no alternative. As the cost of ‘protection 


Sea walls and jetties is prohibitive in most cases: from . the s standpoint of lle 


riparian ‘owner, nothing | is done and the r revenues to the : : 


State and nation 


from the evidence of works, which have withstood ‘the “most violent storms 


littoral of the: drift is the ‘prevailing angular direction’ of the 


better evidence of the resultant 


q 
oS 


‘Rig. 18 is a low j jetty (improperly called ‘ “groin”) crossing t the strand, —— 


eral years ago, which has 


invasion. and, yet, after some years. of investigation, it has been decided that 


Another illustration of ‘the! inefficiency of the nature of rocky 
haickan is seen in ‘the cliff at Tynemouth, England, Fig. 22, where the 


detrusion has” not prevented the destruction of the priory and other: build- 


ings on the coast, oer to arrest the waves. ot 
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which have withstood the onslaught of the most violent storms. 


> 
a 


Coronado Beach, Calif, where the sea was cutting the “a 
rapidly and encroaching on the driveway, a wooden bulkhead was erected in 
front of the bluff, but was destroyed. Similar structures elsewhere have met 


the same fate even. when built of interlocking steel p piles in n front of a bulk 
other instances of the ‘futility of attempting. 'to- protect Tiparian 
lands from the encroachments of the « sea by use of barriers on or within the 


high-water line, might be cited, but the economic question of cost is is an im 


- portant factor, as well as the. efficiency and maintenance of the structura 
The cost of $130.72 per | lin, ft. given | by the author is manifestly beyond the 


— limit of most riparian owners and must needs be underwritten and financel 
One of the most successful instances of private protection is, found on the 


Hew Jersey coast. where a series of five bulkheads built to arrest ‘the 


‘erosion of the bluff. ~ These parallel barriers covered a frontage of 300 ft 
and, their interspaces, forming pockets, were filled with rip- rap constituting 


a succession ‘of wave-breakers (Fig. 28). There i is no bathing beach : remait- 


ing, so that this construction does not seem to fulfill ‘the required conditio 


for | a summed resort by the seaside. 


_ Another instance the futility of bulkheads placed on ‘high- water 


Le Hine | is “found ‘i in the complete destruction ‘ae ‘the’ buildings at Galilee, N. 4, 
by the storm of 1918, as shown in Fig. 24, which tells the story fully. “ her 
i 

In view of these and many other precedents, ‘and the great for. con: 


4 struction ‘and maintenance, it is desirable to the evidence of the 
obtained by structures: which, without r 


i fy: 
Automatic Remedial Measures.—In accordance with the fundamentd 


_ prineiples of strategy in ‘resisting destruction, it i is found that barriers placed 


t a Treaty 


; _ across the strand or even beyond the low- water line have so demoralized these 
combined forces as to cause them to deposit the sand with which ‘the break 


; ers become charged, behind the barriers erected to retain: it, in ‘such manne 
- as not to rob the beaches to leeward by using tight spurs, , but merely to check 
=n the drift on both flanks and thus build up a barrage of sand which rapidly 


the coast and recovers the lost: riparian ‘property. at a a minim m cost 


_ The particular: form, length, Position, a and grades. of these works must be 


pe to the local "slaveliat conditions and resultant movements of the lit 


ton drift. _ At Barnegat | City, N. J., for instance, the lighthouse was saved, 
in 1920, when the Borough built a Ahooked tall only, ft. long, rent 


erete walls, was ‘impotent to check the storms of 1919, as shown it 
“Fig. 25, but, subsequently, the. curved. jetty proved to. be successful, as ind 
ie. cated i in Figs. 26 and 27. _ In 1912, a few curved jetties were built at Ventn0l, 
a ie _N. J., which recovered and maintained the bathing beach, and are now buried 
out, of sight, With ‘no ¢ cost, for. d There are many 0 othet 
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Fic. 25.—BARNEGAT New JERSEY. or Rock AND BrRusH JETTY 
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28.—-Bracu HAVEN, . BULKHEAD TO PRESERVE BUILT IN 1916; PHOTO-— 


29.—Lone BEACH, N. J. Hookep Jetty Has Buriep ITSELF AND EXTENDED 
4INE, MAN STANDING N BuRIED JETTY. OcToBER 31, 1923 
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ron at various localities, aggregating forty or more, a all of which have 


withstood the most violent storms which have ravaged these « coasts, sir pend 


cost” for 1 repairs. These unprecedented ‘results have been secured by such > 


modifications in the trace and position of the works : as to decompose the direct 


adva: ance on 1 shore utilize: the prevailing drift by it within 


MLW. 


BEACH HAVEN N. J, 
Scale in feet 


‘This of the of the offshore barriers w ould be ine 


“without citing the results of the buttress built, Beach Haven, N. in 
Ast 


1916, which ‘covered about 900 ft. of beach and has protected more than 2000_ 
ft. .», with no cost for Tepairs, as ‘it has not been damaged by avin storm 


for 
nor by the ice, which has covered it. (See Figs. 28. and 31.) 


toy 


“uTTLE EGG INLET 


== 


remarkable instance is worthy of note Following the re- opening 
Little Ege Inlet, on the New Jers ersey ‘shore, in 1918, which isolated more 


oe 
é 
| 
| i _ &f practicability of controlling the maritime forces for the restoration and main- &§ 
tenance of riparian interests, at a minimum cost. 
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than 3 miles of coast under development, and caused considerable loss at the 
end of Long Beach, it was necessary to construct a hooked jetty at the point, 


during the winter. The jetty was 304 ft. long, and terminated i in water 15 ft. 


completed March 3, 1923, at a total cost of $10 000, with the 
= shown in Figs. - 29 and 32, indicating that it has buried itself and 


extended the high -water line ‘more than 50 ft. beyond its outer end, after, one 


of the most severe storms in years. sd adi griffonte sto. bid 
Again, on the south coast of Long Island, where heavy revetments and 


rock jetties were built and flanked by the sea, two small hooked jetties were 


constructed on a low sand- -spit in front. of a lagoon, which was filled by 
pumping in sand, yet the jetties continued to ‘supply material and, i in a few 
years, , they were buried entirely and had 0 asia about 28 acres of valuable 


property for the owners (Seo Fig.) 
The conclusion is reached, therefore, an alluvial coast, with lit- 


toral drift, it is possible to entrap ¢ the sand by suitable barriers adjusted SO as 
to break the impact of the waves offshore and to cause the sand with which 


they ‘become charged to be deposited in the lee of the works, thus recoverir ig 


and protecting the foreshore from loss even under the most severe storms and 
a remarkably small cost, well within the of boroughs or 
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OW ILLIAM HENRY BALDWIN, M. Am, Soe. 
dots i 


Diep Maron 6, 1917. 


William m Henry Balc win was hori’ “et Nashua, on March 10, 1842, 
y After receiving his preparatory he entered the Scientific Department 
| bl of Dartmouth College, ‘Hanover, N. H., , from which he was in 1862. 
aluable 
lit Richmond, V a., the end of the Civil War. 
‘Subsequently, Mr. Baldwin was associated with the firm of Cornell, ‘Brad- 
ford, and Baldwi in, in the general practice of engineering at Yonkers, N. 


presing @ ie Among the work undertaken by this firm was a survey of the extension of the 
‘ane and 10th Avenue base line to the northern line of the City of Yonkers, ‘including — 
ighs transverse lines and the monumenting of the entire survey. This survey has 
. ; been of valuable assistance in the ‘municipal development of the city. A City 
Atlas of Yonkers was also compiled by the firm from numerous surveys and 
rt ‘other data, and has been used as a basis for sueceeding similar publications. Beit 
Baldwin was also. engaged on the location and construction of part of 
the New York City and Northern Railroad for which he located the line from — 
“High Bridge to Lake Mahopac, and had charge of grading and track- laying 
~ in the Middle Division from Tarrytown, N. Y., to Croton Lake, about 10 miles. = 
eh Tg 1880, Mr. Baldwin became associated with the late Col. George . 
Waring in the design and construction of sewerage and water- -works systems in - 
iou Southern States, including, Memphis, Tenn., Norfolk, Va., and Buffalo t 
aia White Plains, N. Y., and in making reports on sewerage 
systems of New York, N. Y., Philadelphia, Pa., Chicago, IIl., , Cincinnati, Ohio, © 
Louisville, Ky, Pittsburgh, Pa., and smaller places for use in connection with 
the death of William W. Wilson, M. Am. Soc. O. E., in 1887, Mr. 
Baldwin was appointed City Engineer and Engineer for or the Board of Water 
Commissioners of Yonkers, N _Y. As such, he had charge of the design and 
construction | of the entire trunk sewer system of that city; the extension of the a 
ater- -works system, including the construction of the Fort Field Receiving 
Reservoir, with a ‘capacity of 60 000 000 gal. 3 the enlargement of the Lake 
> eel Receiving Reservoir; the erection of the Nodine Hill Water ce 
‘surveys: for the enlargement of the Grassy Sprain Reservoir and for ‘the — 


the finest residential sections. of He also ‘laid « out a: vast a area, of 


> 
If and 
er one 
q 
4 
F ' wf. Baldwin also had charge of the laying out of the private property _ a 
G 


OF CHARLES N NEWTON 1 LITTLE [Memoirs. 


: ry for. the Sullivan Country | Club and constructed | 

In 1908, Mr. Baldwin was appointed Deputy City 


under t the late ‘Samuel L. Cooper, M. Am. Soc. C. E., ‘and after Mr. Cooper’ S ix 
death i in 1913, was. retained as as. Acting City Engineer 1914, when he was 


until his death — 


He served as a Deacon in Baptist Church of 


Yonkers, was also a member of the Masonic Fraternity. @ 
Mr. Baldwin was elected a Member of hws American Society of Civil: 
Engineers on June 6, 1888. ty 


19, 185 8, at Madura, ‘Southern In dia, where ‘parents we were stationed 


missionaries, having dedicated their lives to this work, as earnest Puritan 

Obristians. mort anit alt xd heliquios anw to gals! 
Charles Newton Little received his early education Connecticut 

ebraska. Coming to Lincoln, ‘Nebr., in the Sixties, ‘he subsequently entered 
the’ University of Nebraska from which he received the degrees of A. B. in 
1879 and A. M. in 1884. After graduate work at Yale University, he received | 


Mater! from 1880 to’ 1884; Civil Engineering 
from 1885 to 1890; and Professor from 1890 to 1898. 


in Califor nia. Th 1899 and 1900, on leave of absence, le at 
the Universities of Gottingen : and Berlin, in Germany. ali 
In 1901, under the egis of an exceptional | education, Dr. Little resigned | 
$n the Faculty of Leland Stanfo rd, Jr., University, and went to the University ; 
“a Idaho as Professor of Civil Engineering. Here, in 1911, he became De Dean of 2: 
ee College of Civil, Engineering, to which position he gave his inspirational 


i endeavor until the close » of the 1922-23 year, when he announced his retire-_ 


Shortly afterward, partly on account of failing health, but still responsive 


‘ Bs to the lure of his profession, she removed to Berkeley, Calif., to pursue further 
investigations. He died suddenly on the afternoon of Friday, 
= August 31, 1923, while engaged i in the subtleties | of some integrating equations. 
wt Dr. Little’s thesis for his doctor’s degree 1 was based on research work in in 


of Knots. ‘This early accomplishment among 
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* of the Royal Society of Edinburgh and in of the 


Little’s 1 work on this subject, as also ) that of other ‘mathematicians, is 


a only vaguely understood and poorly appreciated. _ Derrick M. Lehmer, 
_ Professor of “Mathematics, ‘and Editor of the University « California — 


t 
‘icle, speaking ‘of the Knots and of Dr. Little’s ‘research therein, 
account it could made 
He 
itil ‘Of aa ienslinilianen of those investigations there need be no question, but a 
a - just how they may some -day connect up with other important mathematical 
Ps fields no one can foretell. _ Problems connected with Knots, that is, with curves 
in space which pass through themselves after the manner easily shown by the | 
tached string, but difficult to analyze analytically, are doubtless closely con- 
__ nected with the Projective Theory of Space Curves and with Two-Spreads in : 
‘ Four-Space. it is an attractive field, but sooner or later, more work will be © 
done in it for which Professor Little’s ‘researches. will be invaluable.” _ 


1923, when Dr. Little went to Berkeley was associated with two 


F _ orders, and classifications, or of the space curves a and special spherical develop- 
_ me ments which the knotted. string may be made te generate. 


= 


ideals of were singularly wholesome and» free from the 


Phar isaical taint which a long career of Pedagogy sometimes engenders. 


Happily, he was free from the ‘spirit of intolerance; he esteemed his young 


ere 


_ men not as inferiors, but as fellow ents engrossed i in ‘the great adventure of | 


a -tecking truth. He ‘invited them to study, using terms of gentleness he con- 


a vinced them by obvious processes rather than by empiric dicta. w His habits of 
Straight thinking g “the ephemeral “ 
‘ “present, day, and his demand for in life and study, coupled with 


tolerant and gentle. Christian spirit, ‘are some of those. purer jewels which the 


Dr. Little-wes a Fellow of the American _ Association for the 4 
of Science, a member of the Society for the Promotion of Engineering Educa- 
tion, of the American Association of University Professors, and also of the Y 
Honorary Society of Sigma Xi. He was a member of the imeiae 
/ Church, devout, reverent, manly. ‘His earnestness of purpose, together with | his on 
broad sympathy and interest in others, endeared him to a large circle of friends, + 
especially: to the members of the various University faculties with which he 
had been « and to the student bodies. aid the 


| es While Dr. Littles was Associate Professor of Civil Engineering at the Uni- tne 


. R. Funke, at Lincoln, on 


August 5, 5, las, after thirty-sev seven years 3 of loys al | and inspiring con 
Se, 


of field. It was at the Steeestion of Dr. Tait that Dr. Little continued as an 
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"gentleman, and an earnest, ‘sincere, high-minded Christian. 


ah: Dr. Little was elected a Member of the American Society o of Civil Engi- 


‘ADELBERT FRANKLIN PARKER, M. Am. Soc. tion 


Adelbert Franklin | Parker was born at Carver, Mass., on December 14, 1858. 

“He attended the Elliott High School, in . Boston, Mineo ena 1873, when in 

os eid of adventure he went to Utah. In Salt Lake City and Tintic, he studied 
assaying from 1873 to 1 1875. At Ophir and Jacob ‘City, during 1875 to 1876, 
he conducted an . Assay Office, devoting his evenings to. the study of survey- 


ij ing. WF rom 1877 to 1888, he made rapid advances i in his. knowledge of surface 


mc 


“ underground surveying and the building of irrigation canals, ce 


1889, Mr. Parker was made Draftsman and Superintendent of 
for G. “A. @'Hemecourt, of Ogden, Utah. In 1890, he was placed in 


r 
onstruction and installation of Car 


‘astman, 
Architects, with offices. at Ogden. ‘During the latter’ part pry 1893, 


Ss Topographer and Draftsman. on the ‘surv vey for the Ogden Reservoir and 1 
rrigation Works, and, in 1894, he surveyed all the roads and made ihership 


During these years, Mr. reputation was, ‘steadily for, 
ee many pioneers, this Massachusetts man was not content with the fruits. 
of practice and experience only. As he» worked, he learned from day to 
the value of other men’s experience as recorded in | books. It is due in part to. 
his wide reading that Mr. Parker was invited to design and build in many 
abating States, for example, in in Oregon, where he worked for the Grant 
Gold Mining Company; in Yerrington, Nev., where he served in 1897 as Engi- 
for the Boston- Nevada Gold and Copper Mining Company; in Butte, 
Mont ., where, in 1898, he was i in the City Engineering Department; in Black- 
foot, Idaho, where he - ‘was Constructing Engineer, from 1899 to 1900, for the — 
Ba seed Falls Canal and Power Company ; and in Elko, Nev., and ‘Evanston, © 
for which cities, he designed sev sewerage systems. 
n the autumn of 1898, Mr. Parker became City | Engineer of Ogden, which 
position he held until 1909 . Although nearly $2 000 000° was expended under — 
supervision for Ogden and ¢ the surrounding country, this vast and varied 
ao did not c consume all his energy, for during the: same period he located © 
and designed ' the West Cache Canal System in Cache County, Utah, and d the 


Oneida Irrigation District Canal, ‘Valley, in addition to other 
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outside work. From 1909 until, his death, Mr. Parker was engaged i in 


‘practice as a Consulting Engineer with offices at Ogden. ity bot fat 
es On June 15, 1886, he was married, in Ogden, to Miss Pamela Mason who, © 
with six children, fo four boys and two girls, s ee yO 


on Mr. Parker was a prominent. ‘member of many Masonic o orders, including the 
Blue Lodge and the Shriners. In this fraternal work, as in-all other social Ff 
relations, he made hosts of friends, because of his shrewd, kindly disposition | 


and his exceptionally well stored mind After his. death on 


and accor 


wit The semi- -arid region to which he. came in 1878 is is now green, 
flower- embroidered. The many hundred flumes, pipes, ditches, and irrigation 


“emals of his building continue to b bear witness: to the beauty of his mind 


Lig 
and spirit and, “where the living waters flow, where the roses bud and = 


Parker w was elected a Member of the of Civil 


VICTOR HE HERMAN REINEKING, M. Am. Soe. C. 4 


et Victor Herman Reineking was born in Franklin, Wis., on August 7, 1884. 
He attended the public schools and the High School of Sheboygan, Wis., and 
was graduated from the University of Wisconsin with the ¢ degree of Bachelor of _ 
Science in Civil Engineering, in the Class of 1908, having entered i the Uni- © 


fre From August, - 1905, to April, 1906, Mr. Reineking was engaged as Chief of — 
Party for the U. 8. Geological Survey, on water- in North- ‘ay 
September, 1913, he w was as Assistant with Daniel W. Mead, 
AM. Am. Soc. C. E., , in chi charge of f field work on water-power investigations, and 
on the design of dams, power-houses, and other hydraulic structures. was 
Tesident Engineer on the construction of the dam of the Southern | 
Power: Company, at Kilbourn, and of the clamps at High Falls and 
‘September, 1913, Reineking went nt to Portland, where’ 
“engaged in private engineering practice in partnership with F. Harza, = 
©. Am. Soe. C. E., with whom he collaborated i in 1914 j in a report on the water- “ 
power possibilities of the Columbia River at Celilo Falls for the United States lie 
Reclamation Service. and the State of Oregon. ot 


‘From this tine until his death 1923, Mr. Reineking was engaged on 


in a consulting capacity and 
a8 engineer in apa charge. In 1914 a and 1915, he was in charge of the 
-Teconstruction of the Elwha River Dam and Power Plant for the Olympic 
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Power Com 

which had failed by the w out of its In 1915 and 1916, he 
was Division Engineer i in charge of the construction of canals and structures 
_ ‘for - the West Okanogan Valley Irrigation District, and, in 1917 and 1918, 
Resident ‘Engineer in charge of the Ochoco ‘Hydraulic Fill Dam, Ochoco 
Irrigation District, near Prineville, Ore. sl. He \ was Assistant Engineer to Baar 


and Cunningham from May, 1919, to 1921, i in in charge ¢ of investigations - for 
irrigation projects. aid he lisw Biri bag! 
TER _ From 1921 until his death, he maintained an office as Consulting Engineer 

at Portland, Ore., , specializing i in irrigation and hydro- -clectrie work. ~ Among 
the projects on v whidh he prepared reports, but which had not reached the 
construction stage, were the proposed dam on Columbia River at Umatilla 


Rapids and the irrigation system for the Dufur Orchards, the largest single 


 —— in the United States, as well as projects for power development | on the 

/Reineking was ma married on June 1, 1909, to ‘Strickland, of 

- Sheboyg gan, Wis. Mrs. Reineking ar and three children, ‘Richard, ‘Elizabeth, and 

q o Tx Early i in July, 1923, Mr. Reineking went to the Mayo Hospital, at Rochester, 
: Minn. where after a period of treatment he underwent a serious operation in 
September. He returned to Milwaukee, to be with his father , Dr 
Herman Reineking, and d died at the Milwaukee Hospital. | 
Be silt Mr. Reineking was a member of the City Club of Portland and, at the time 
Bs . his death he was ‘Secretary of the Oregon Chapter of the American Associa- 


He was an engineer of marked ability and ‘thoroughness and, 
Umassuming, was highly regarded both by. members o f the Engineering Pro- 
Mr Reineking was elected Member of the ‘American Society of ‘Civil 
= LOUIS EDWARD STROTHMAN, M. Am. 


TED AY 22. 65 


Louis Edward Strothman was born in Milwaukee, Wi on January 10, 
%, 1879, and spent his entire life ‘in that city. He attended the public. schools, 

‘* including the South ‘Side High School, from 1 which he was graduated with the 


Ww Class of 1896. He also attended St. John’s Military Academy, at Delafield 


sha 2 In 1893, he made his initial step in the business world in the employ of the 
= “ Fi iler and Stowell Company, with which he was engaged as a Draftsman until 
eg the latter part ¢ of 1894. From 1896 to 1899, Mr. Strothman was connected with 


the § ilter Manufacturing Company and, from 1899 to 1902, with the “Nordberg | 
4 


Manufacturing Company. -Doring all this time spent in the Drafting Rowe 


2 
— 
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: 
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a dam § of these firms, his purpose was to acquire eXperience. if With this same object in 
116, he | view he entered the employ of ‘the Allis-Chalmers Company i in n 1902 as a Drafts- ~*, 


ietures ae in the Pumping Engine Department. = few years later, the Company a 


‘sent him out as. an n Execting Engineer and after | he had acquired ¢ experience i in - 


ns for 
and Turbine in which position he w was active 


igineer until the re re- organization of these Departments in 1910 when became Engi- 
Among 


ed the handled all types of pumps “made by ‘the Company, “namely, reciprocating, ° 


matilla centrifugal, and screw types. In 1911, Mr. Strothman was | appointed Mana- " 

Single ger and Chief Engineer of the Pumping Engine Department and, in ‘December, 
aut 1915, Manager | of ‘the Steam Turbine Department, in addition to his other 4 
it duties. August 15, (1919, he resigned this office to become Vice-P sident 
and General Manager of the Richardson- position a 

ai held 2 at the time of his deathe 7 


In his business” life, Mr. Strothman ¢ always evinced a tence 


chester, 
and tireless energy, and he had eatablished an enviable reputation for pacpaedl 


ition 1 
painstaking work and ¢o- -operation. { As an official of the Richardson- -Phenix 


Company, his work was of f inestimable value to the enterprise. ols 


‘Strothman had an extensive and varied engineering experience and, in 

addition to being well known in the National engineering societies, per- 

Associ: 

all -sonally known many ‘Prominent in all cities from | coast 


ng Pro- “Mechanica Engineers and | took an active interest in n the affairs c of that organiza- 


during the last decade of his life, serving i in various 3 offices. In 1915 
1916, he was Chairman of the Milwaukee Section. ih In 1916, he tind appointed 


a member of the Board of Directors. of of the Organization for National Pre- 
‘paredness for t the » State of Wisconsin, and on the recommendation of the 


President of the also appointed : an Associate Member of the Naval 


Consulting Board by e Hon. Josephus Daniels, ‘then Secretary of the Navy. a 


In 1918, Mr. scalded was made a member of the main Committee on Power ve 


Test Codes of the American Society of Mechanical Engineers and wa was elected + 
Chairman of the Sub- Committee on Displacement Pump Tests. In 1919, he 


again was" appointed by M. Cooley, M. Am . Soe. , then President of the 
American ‘Society. of, ‘Mechanical ‘Engineers, to represent Society, with 


with the 

Feld Cooley, on the National Industrial Conference Board. In December, 1921, 


Strothman elected Vice- President of the Society of 


Engineers. He» also a member « of the e American Water Works 
“Association and the Society of Milwaukee, of. which he 


ated with | rresident, i In 1916 and 1917 32 at bie od pear 
Nordberg Mr. rothman was married on May 11, 1899, to Miss Galena Pennell, 


“Robert Louis, survives | him. 
ie ¥ 
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Company, and a friend of Mr. Strothmen, pays him the following 


“During rhe nearly twenty ye years of his « connection with the Allis- Chalmers 
parse ty Louis E. Strothman advanced from the position of Draftsman to 
that of Manager of the Steam Turbine and Pumping Engine Departments. 
He was recognized, not only in our organization, but throughout the Engineer- 

ing Profession, as an able engineer and capable executive. His spirit of co- 
operation: as. ‘well as his kindly personality endeared him to all of those with 


> 


was: Member of the American Society of Civil 


ISAAC WINSTON, M. Am. Soc. C. E.* 


a temte educated in private schools from 1864 to 1870, and the Virginia Military 

Institute from which graduated in 1873. He always ‘retained a an 
affectionate regard - for that institution, and his loyalty was recognized at the 

After leaving college, Mr. Winston wes for two. years a member of the 

United States Engineer Corps « on the construction: of the Muscle Shoals Canal. 


. On July 18, 1878, he was appointed to the U. S. Coast and Geodetic Survey 


s a Recorder and was made. an Aid on . July 10, 1879, a Sub- Assistant on 


Taly, 1, 1884, and an Assistant on February 5 , 1891. On July Be 1917, * 
designation: was changed, and he was _by President 


‘Hydrographic and Geodetic Engineer with the e relative. rank of Tieutenant-— 


enol 


Mr. ‘Winston was on the ed list on May 18, 1920, having | passed 
an order effective J May 18, 1920, he 


but on April 10, 1999, he was recalled to. active 
ieee On January 16, 1923, he was, however, again placed on the inactive list 
‘During his long career with the Coast. ‘and Geodetic Survey, Mr. Winston 
employed in various parts of the United States on astronomical v work, 
-reconnoissance, triangulation, magnetic work, and precise leveling. For ‘seven 
years, he served as s Editor of the publications of the Survey. ‘His: last active 
duty was in charge of the Field Station of the Survey at New York, N. . ie 
-.. died at his residence i in New York, ‘N.Y., after a long illness, on Deowle 
r 7, 1923. The funeral was held from St. Paul’s Roman Catholic Chureb, 
C., on December 10, 1923, the honorary officers 


the U. S. Coast and Geodetic Survey. 
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Mr. W inston was married on September 19, 1882, to 


a Maria Otis who, 


halmers and displayi ing always a high sense of duty and to. the | 


ve He was noted for his strict integrity in all relations of life. Of a naturally 


igineer- kind and ‘sympathetic disposition, he was devoted to aad family and friends, 


t of co- and always ready to render assistance in time of sorrow or affliction. hash re 


1a y 
se ap fig Mr. Winston served as a Delegate from the United States to the Interna- 


tional Geodetic Association, 13th Conference, in 1900; ; and was a . member of 
the American Association for the Advancement of Science, Philosophical 
Society, Washington Society of Engineers, and Cosmos ‘Club. 
| The following tribute was paid Mr. Winston by the Director of the U. S. 


| Coast and Geodetic Survey, before the Commissioned Officers of the Bureau on 


in 


ee “There i is sie who si been uppermost in my mind to- day. I feel a special | y 


ae desire to mention the passing on of Mr. Isaac Winston, whose funeral I eS 
te. 3 attended to-day and who for nearly half a century was an officer of the Coast _ 


the privilege of knowing him. I am sure I reflect fully the feeling of his other Pe 4 7 
associates, when I say that the privilege of having been with him and of having a 
had his counsel has not only been invaluable to me personally, but that it has — " 


and Geodetic Survey. My great regret is that you younger men have not had 


been a wonderful help in maintaining the high standards for which the Bureau — 
stands. Those who have known him are fortunate; to those who have not had 
this pleasure, I say with perfect propriety that Mr. Winston reflected the ideal — 
man. He was ever ready to do his part, day or night, in his outstanding loyalty — 
to his co-workers, the Bureau, and the country. His Christian spirit was a = 
vital part of his” daily life. It was evidenced in his daily efforts, thereby -_ 
reflecting to those around him the unselfish kindly man that he always was. | 


ant on — “If we can hold him up as an example and follow in his footsteps, there is is 
7, this no question as to the proper report of our stewardship in the years to come. > 
son as — “Personally I shall always cherish the privilege I had in knowing him so © 
aos well, In the years to come, the monument that he left t behind wi will be ll be a s — 
of pride and comfort to those who will carry on. ame 
passed ‘Mr. Winston was a ‘of the Socket 

JAMES MARCUS BANDY, Assoc. M. Am. Soe. C. 
nstoh §& IED AUGUST Ly 

ictive James Marcus Bandy was born near Newton, N. C., on January 8, “4850, 

rg He was educated ‘at the common ‘schools of Catawba County and, later, at 
College, Trinity College, ‘Durham, N.C, and the University of 

rginia, from which he the degrees of Bachelor of Arts, Master of 


From 1885, to 1893, he was Professor of Mathematics and, during the 
four years of ‘this period, Professor of Civil Engineering, at 


i Trir it 
Memoir prepared by Bruce Craven, Esq., Trin nity, | 4 
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and 1896 to 1898, served as s Chief of the F 


“a In 1898, Professor ‘Bandy was elected City Engineer of Greensboro, N. (0, 


such, designed the v water- works plant city as well 


work for various munici- 


From 1906 ‘until his death in 1911, Professor Bandy was engaged in the 
private practice of engineering, asa Consulting Hydraulic a and Sanitary ‘Engi- 


Professor Bandy was f first “married ‘Miss Martha J ane L eonard, of 


Lincoln County, North Carolina, and after her di death to ‘Mrs. Sallie Joyner, of 


iL aurinburg, N. C., who, with three. daughters and three s sons by his first wife, 

survived him. 


ia sane He was a man of brilliant mind and had many friends . A lover of good 


music, he played the violin with ability. _ As an engineer, his work wil be 


reme embered for the excellence of his ‘construction "operations for various 


“municipalities, and, as a devoted student of the higher mathematics, for the | 


“many excellent mathematicians whose ‘minds he helped to train during his 
professorship at Trinity College. He will also be remember ed by the older 


tudents of Trinity College for his humor and his generosity. “vagal Mt 
Professor Bandy was elected an Associate Member of. the American Society, 


Civil Engineers on February 4, 1903. 1 ati pind. To | 

—-PRITZ CABL ANDEGS GEORG BERGENGREN, Assoc. M. Am. Soe. 


ritz son of George and = 


physi sician in a the s service ve of the Swedish Gover ment. 
3, and on t i 


Sulphur J Acid and § bat} gave 


ai 
up this work i in 1888 and came to the United tates. He secured employment 


; Fs asa Draftsman i in the Patent Office of Brown and Griswold, i n New York, N. Y:; 
later, in 1889, he accepted a position with the  Pencoyd Tron Works, at Peneost 


(tt 


he first, as a Draftsman and, afterward, as Assistant Engineer i in the Bridge 


Department. While with this’ Company, he had charge of the force that pre 
the wings for the bridge nstructed by the Railroad 


bie Memoir prepared by Thomas Earle, M. Am. Soc. C. E. 
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Memoirs. ] OF GEORGE W HITNEY KINNE 


City Division. In 1894, Mr. a the United 


Int the spring of 1896, he entered the service of the Pennsylvania Steel Com- 


pany, Steelton, as ‘Chief Draftsman of the Bridge _and Construe- 


tion Department, which position he held until 1901. During g g that time, plans” 
for a a number of of important bridges were prepared in the Drafting Room of the ’ 
Company, ‘among others being the Scherzer Rolling Lift Bridge built by the 
New York, New Haven and Ha rtforc Railroad Company over Fort. Point 


Channel at Boston, Mass.; : the ‘Niagara Arch Bridge constructed by the Grand 


F Trunk Railway Company at Niagara Falls, N. Y.; the bridge ‘across the Duluth _ 
| River from Duluth, Minn., to ‘Superior, Wi is.; and the -Gokteik Viaduct built 
for the Burma Railways i in Upper Burma, India. a0 


In 1901, with Mr. John C.. Stulen, Mr. Bergengren organized the John Cc. ha 


Stulen Company, Engineers and Inspectors, of Harrisburg, Pa., and carried on 


a successful business until his death August 8, 


Bergengren was capable, energetic, and broad- minded. He ha¢ an 


agreeable personality, and gave great promise of ‘becoming ‘widely known 


mer 


He w was ‘married on November 26, 1996, to ‘Marion L ‘Holcomb, of White- 


George W hitney Kinne was born at Y., on Nov ember 6, 1875 
early education, _ was acquired in the a 
Military Academy. In 1895, he the Polytechnic Institute, 4 
at Troy, In 1898, during the _Spanish-A -American \ War, he was 
curled in Company D, 2d New York Infantry, and L was | mustered out of 
service with Company G, 1st Engineers, as a Corporal, in J anuary, 1899. Sse Spe 
then 1 resumed his’ studies at Rensselaer Polytechnic Institute, from which he 


graduated with the degree of Civil Engineer in 1900. 
Immediately, after his graduation, Mr. Kinne entered the service of the 
West Side Structural Company, of Troy, N. Y., and served as Shop _ Super- | 
intendent, for 18 months. In November, 1901, he entered the employ the 
Bridge Company as a Draftsman at the plant i in Elmira, N.Y 
902, he was transferred to the Erecting Department of the same Company as a 
pt ‘Superintendent | of Erection, with headquarters at Elmira. In Octo- ed 
ber, 1905, he was transferred to the e Philadelphia Office of the Erecting Depart- oa 
ment, where he was promoted to the position of Assistant Engineer, with 
Supervision of the field operations performed by sub-contractors on the false- . 
work for the Railroad at Grace, Md.; the 
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Union Station and Uz. 8. Office Buildings, at W ashington, D.C.;a a bridge on 
the Florida East Coast Railway, at Stuart, Fla.; and a eke of pamprmeria 


es In 1906, Mr. Kinne was assigned as Assistant hein on the > reconstruc 


of the cantilever bridge ov over thie Hudson River at Poughkeepsie, 


in charge of the alterations necessary to the-existing structure to accommodate 
_ a new center truss. . On this work, he directed an average force of 60 men fa 


veral 


99 ‘months, which included ‘undergraduates from severa engineering school; 
who desired work and experience during the summer vacations. In 1908, he 
resumed his ‘position in the Philadelphia | Office of the Erecting. Department 
of the American Bridge Company, as" Assistant Engineer, with supervision 
of the field work performed by sub- contractors. ct pectin 
vn In 1909, Mr. Kinne was assigned to the office of the Erecting ‘Department 
of the Company in Jersey City, N. J., . as Assistant Engineer in Charge, 


During the period from 1909 to 1917, many important bridges and structures 

? “were. erected under his immediate supervision, namely, the Madison Avenue 
Dea: Bridge, New York City; Honneywell Street Viaduct, Long Island Rail 
way Company; fifty-t -three steel bridges on_ the New York, Westchester and 
‘Boston Railway ; bridges o over the Passaic and Hackensack Rivers: for the » Central 
Railroad of New Jersey; bridge replacements ¢ on the Shore Line Division of the 


New York, New Haven, and Hartford Railroad; buildings for. oe J ohns- 


Manville Company, Mansville, N. the American Brass Company, i in the 


‘Naugatuck Valley, Connecticut; the Chase Metal Company, Watervill 
Conn. ; and the Crucible Steel Company of America, ‘Harrison, N. J. ‘He 


supervised, « on an average, twelve bridge and building erection: forces, decided 
of erection, n, ordered the equipment, designed the falsework and 


x, 


ce peNrallsiay 1917, he left the employ of the American Bridge Company | 
7 toe enter the service of the U. S. Government as Student Officer at the Engineer 


ee Camp, “American University, Washington, B: C. In December, 1917, 


but in 1 foreign sina 1 od — 


he was commissioned a Captain of ‘Engineers’ ‘and was assigned to. “service 


charge of the erection and operation of twenty gantry ¢ cranes on the American 
docks, at Bassens, France, and, in September, 1918, he was made Depot 
Engineer Officer at Montierchaume, ‘France, in responsible charge” of all 


engineering material and equipment intended for the Third Army. a 


ies October, 1919, Mr. ‘was mustered out of the Army and re 
-instated in the service of the American Bridge as Assistant Engi- 


neer,, with headquarters Pa. » which position he held at 
the time of his death. In March, 1920, he was ‘appointed a a Major in t the 


‘BE . Kinne was an example of the sites type of American | manhood. He 
not only a thoroughly competer 
lovable companion, and by his" sincerity, ‘and. honesty 
of purpose, endeared himself to ‘every one with whom he | came in contact. oad 


- eirele of friends and admirers not only extended throughout the a 


under the ‘Director of Military Railways. In March, 1918, he was placed in 
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OF ‘PHILIP IP RAPP 


‘Kinne was an Associate 3 Member of ‘the American Society of 
Civil Engineers on December | 5, 1 1906. OF 4 Fay TiL, BEER FERS 7 

APP , Assoc. M. Am. Soe. C. 


Philip Rapp was born i in Buffalo, N. Y., on November 9, , 1890. 90. Quite early 

n life he evidenced his limitless and capacity y for study 


obtaining his technical education under conditions that would have proved — 


‘He began his professional life in 1910 as a member ofa Survey Party for 


the New York Central Railroad. _ Leaving the railroad i in the same year, Mr. s, 
joined the Engineering Department of the New York State Highway 


Department. He. remained with this Corps ‘until 1918, except for a short time - 
during 1913, when he took advantage of opportunities to broaden his | engi- 
“neering experience by gaining some > insight into office methods, first with 

Walter McCulloh, M. Am. Soc. E, at Niagara Falls, , and, later, with 
the State Barge Canal Commission at Lockport, N. Again, during 1916, 


he obtained leave of absence from the State Highway I Department to enter the | 
Field Force of The Donner Steel Company during the construction of the ~ 


foundations for new plant at Buffalo 


an is In 1918, Mr. Rapp entered the employ of the Truscon Steel a as 2 


Designing Engineer on all types of concrete buildings. Although he had had 


“no previous experience in this kind of work, he ‘developed such satisfactory 


results that his ability and aptitude | were recognized almost immediately, and > 


he w as advanced i in 1 the c organization at an extr aordinary rate. In March, 1919, 
was s assigned to Cleveland, Ohio, as District Engineer for that. ‘district, 
where he rapidly built up an efficient corps; starting with no anlaieeiia at all, 


% 


he s soon developed a large, well balanced staff. In this position, he showed ae a 
side of his character hitherto ‘unsuspected, ‘namely, a remarkable ability i in the 
“handling of men and the co-ordination of their efforts to produce economical ae) 


" results. He also developed a large personal clientele : among those with whom 


he was thrown in contact. He continued in this his death on 


friends, Mr. Rapp was known as a man of attainments f ts 
beyond the ordinary. Professionally, he was remarkable i in that he combined — 


profound knowledge of theoretical principles: with a | practical u understanding 
a work- day methods and commercial limitations. As. a man, he was known 

.. to be absolutely honest, sincere, a and loyal. x His word was taken on any profes-_ 7 
sional matter as final evidence. was a member of Washington Lodge No. 


On May 1, 1918, Mr. to Mabel Lucy Crowe, at Lockport, 


Y. survived by his widow and a son, Philip Crowe Rapp. 


Rapp - “was: elected an Associate Member the Society of 
3 Civil Engineers 
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